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Zon-«xcli«iig« l8 an ioportant aiiftlytioal taolmiqaa whiob baa 
deY«lop«d recently* Various etudies have ^een reported on organic 
ion-excbangere to develop tbe theoretical relations of this phenoaenon* 
lloweveri inorganic ion-esohangers have not he^i studied in greater 
detail* fhey have got three distinct advantages over their organic 
counterpartst 
( i) Inorganio ion»exohangere can he used in presence of ionizing 
radiationst 
( ii) because of their stiff structures the selectivity is higher 
than the organic resins, and 
(iii) they have less effect of heating. 
These three factors develop a revived interest towards the 
studies of inorganio ion<-exohangers. Therefore, the present irorfe 
was uttdertakoi to synthesize a new inorganio ion-exchanger, to study 
the theoretical behaviour of ion-eaeobange, and to study the analytical 
potential of inorganic ion-exchangers. 
^ ^ e preswnt work describes the preparation of ferric phosphate, 
as an inorganic ion*exchanger, under different conditions* The 
<^eaiical stabili^, lon-cxchafig* capacity and coiq;>ositi(m of this 
•aterial has been deterained* flie potentioaetric titrations have 
been perforaed with soae alkali hydroxides and their respective salts. 
Hydrolysis has been studied to understand the b^avlour of ferrie 
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photpliat* tcnrardt aqueous aolutlons^ flie Aiatriliutioit atudlfta hare 
tiaan aaila and distribution eoeffioiauts were oaloulated«(^ Qa tlie 
ditferenoe in tlie distribution coetfioients» separations were tried 
fund aohlev^ on the oolums of this ion-exohanger J The separations 
aohlered on ferric {diosphate OOIUBOIS are given in fahie I* 
•TABLE 1 
Separations Bluente Elution order 
Hg^* . Fb^ "*" 
Ki^* - aa^* 
Ix?^ - Eu^* 
Sr^* - y^* 
2* Hg 
Ni 
da 
2* 
3* 
La 3* 
.3* Eu*' • 
pH 3 (CiH-COOH) 
PH i (IINO3) 
pH 3 im^CQOE) 
pH 1 (BHO«) 
pH 3 (CH5COOH) 
pB 1 (BNOu) 
Sr^*-
.3* 
mm 
pH i imoy) 
Eg first 
Hi^* first 
Lu"* first 
Sr first 
Ferric phosphate shows the electron exchange bdtiaviour idbiloh 
is applied to test sove reducing ag«Qts such as Ce(III)» Ti(III), 
Cr(ni), Cu(X), lta(II} and I(l)* The possible structure of ferric 
phosphate is tentatlTsly glYen, 
- 3 
r^rrlo phosphate graiiiil«ii in Pe(in) tors oan b« used mm an 
iadieator in tho titrationt vith potaasiim fairooyanlAa* tha end 
point is eloarly detected and a eharp change ia notedi even in dilute 
•oiatitme of thorium in pr«a«noe of other aenhere of thie fanlly* 
Such an indicator does not interfere vith the solution as it is in 
the different iiAiase thon that of the reagents* This is a clear 
advantage over the other indicators* In exoess of a small amount of 
the titnmt (one drop) the granules heoome blue heoause of the 
formation of prussien hlue* 
Earlier studies in our laboratories have proved tantalioa 
arsenate as awst chemically stable inorganic ion-exchanger* Therefore» 
this ion-exchanger have been sized by sieving in 50-iOO mesh* The 
kinetics of ion-exchange on this Witerial has been studied* THe 
conditions are set so as to consider the particle diffusion phenomena* 
The cations studied are Ag*, Hg , Ca , Sr , Ba *, Y ^*ond Th • 
The exchanger is taken in H form. Tarious plots are made to calculate 
the various factors require for ion-excdiange kinetics. On the basis 
of these ealculations, ^ he diffusion ooeffieicoits (DQ)» the rate of 
exchange^ energies of activation (Ba) and entropies of activation 
(As ) are ealoulated*'^. These results are given ia Table II. 
The energies of activation show an increase in magnitude 
vith decreases hydrated ionic radii for alkaline earth metal ions, 
on the basis of this differ«ice in the rate of exchange of various 
ionsi the theoretical behaviour of separation can be discussed* This 
study also indicates that the rate of ion-exchange increases vith the 
• % . 
i]ier«a«« of tt^ittratur*. IHe r«tiilts of «iitropy ehanges ar« t la i lar 
to tho ro0iilt« obtainod with zoolitoa hy othor worlcora. 
¥ABLB IX 
«...e^ '—::-jjz—^~'z—"-7?— 
ion Koal/nolo Cal/dog/nole 
Mfe^* 
c a ^ -
sr^* 
Ba^* 
y5* 
"Hi 
2.09 at 10"''' 
l . i t X 10*'^ 
1.55 X 10'"^ 
1.86 at 10"^ 
2.72 X 10**^ 
1.05 3C 10"' 
7.49 X 10*' 
2.5 
4.9 
5.5 
5#7 
7.8 
5.3 
4.6 
-24.010 
-25.290 
-24.605 
-24.282 
-23.490 
-25.366 
-26*047 
fantftltnr arsooate partloleo have been used to stud^ the 
thenaodyiMudlos of eatioa exohange for soiae oatlons vlz»t Mg t Ca , 
Sr t Ba I iJBr^ and Tb at eonatant lonio strength* The partlelea 
of else 50-100 Hath are taken. The H*^  fora of the exehanger ie taken 
with the eolutlon of the partioular «etal salt. After attaining the 
equllibrltnip the resultant solution has heen analysed for the aetal 
Ion oontMit. The lon-«cohange Isotheras for different cations are 
plotted. Theraodynaalo equlllhrlua oonstants are ealoulated. The 
free energy ehanges (Ac )» the enthalpy ehanges ( A H ) and the 
entropy ehanges (As ) eorrespondlng to the lon-exehange proeess are 
ealoulated using the standard relations. The water content of the 
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ionoixeluuigttr in varloii* imilo forat bav« be«ai d«t«rsliied» 1%«te 
•tudi** indicate tbat the aatal Ions antar ttie aatrix of the axchani^er 
aa hjrdratad iona and the dlftarcnoa in capacity with rarioua cations 
can ha aocoimtad for the differeitcea in the nuafbar of associated 
water dipoles* Sieve action of tantalim araenate nay aieo play some 
role. 
Stannic solyhdate has aiao heen reported as a selective 
inorganic ion*exohange in our laboratories* It has been usedt in the 
present work to study the chromatograi^ic behavionr of phenols. 
/papers impregnated stannic isolybdate have b e ^ used for the identifi-
cation and separation of phenols* Different coloured spots are 
obtained on the application of fdienol W a capillary tube over the 
surface of the paper Itspregnated with stannic molybdatoj^ The 
ohro-atography of Twiou, phenols been etudied on these paper, and B^ 
values are calculated. On the basis of the difference in Rp values» 
the separations are achieved* TUm best results are obtained in a 
solvent containing i.OM sodiusi nitrate* nie results are ocmpared 
with the results obtained en plain papers* Sose theoretical 
relations are alao developed for the Moveaent of various phenols. 
The stannic m)lybdate papers have also bstti used for 
electrochroaatograi^io separation of aetal i<ms» the back-ground 
electrolyte used are sodiua nitrate and nitric acid with variable 
concMntrations* Nitrate ion has been taken so aa to aet the conditions 
of less possibility of coaplex foraatioa* On the basis of 
differences in Migration of these ionie species, various iapertant 
separations are tried and achieved* Nearly all the caticns show the 
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potitlTdr eliarg«d eharaot«r idilU Bi(III), W(VI)y IfoCVI) and As(IIl) 
lAioif nagatlTaly eharged ebaraottr probal>ly due to the fomatlon of 
«atleaio apeoi«8» f1t« stoveawiit Is affaotod by pB. 
Stannic arsanate* another aiieoeieful Inorganic ton-exchanger 
•tudied in our lahoratorles has been used in the present work to study 
the eleotroohremtatographio behaviour of amino acids • The bao!i:gx*cund 
electrolyte solutions used are aqueous organic and buffer systems. 
On the basis of differences in aigratimi various separations are 
achieved* the effect of dieieotrio constant of the baolcgrouad electro-
lyte on the migration of amino acid is studied. As the dielectric 
constant increase the movement of amino acids increases* Same 
behaviour is obtainetl by increases the concentration of formic acid 
in the background electrolyte* The relation is linear and straight, 
lines are obtained when migration is plotted as function of dielectric 
coastant or formic acid concentration. 
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flOQii * 35 fws &e mfmamT oi? AMINO AGIOS AISAIKST vomac 
wiQimn * 34 9 1 ^ OF ifO!VBif£Hf <»p Aiiiiio ACIDS AS A vmcfim 
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C B A P f E B * ! 
C B A P f S R « Z 
IRTRODtlCflOII 
Analsrtleal iSnmiBtTy i» of fBonaoiui ioportoaet in >oi«ie« and 
imiuitfy* 1% d«alA «ttti iA«iitifioatioii« d«temiiifttlc»i ana ««piir«tlfKi 
of ooastitueitts of o MUI^IO* At tfio proseat tine no naterial is taktn 
lato iirodiietion or roloftnad vittiout aaalytioai data* Xdeatlfioatlon 
ia done tgr qtmlitatiiro aaalrfli* <>ad det«r»iJiatiGa liy Qiumtitativa 
atialyoia* Separatton in noat of tHe aaaaat la one of tiie Inportaat 
pratroataaat sattiod for ^oalltatlira and QaantltatlTe analfi^de* For an 
analyals aoaie form of pretroatnaat of aaa^le la tsaaaliir r«^ulr«d ao aa 
to raaova tlia latarfarenoe of otbar aaltataiioaa* Separation, a veraatllo 
fora of pretraatmmt, Inirolvas olaaaii^l and aodani tecdmifttea* Ttte 
praoipitation wad dlat i l iat ioa are tbe olaJiaioai taoiuaiqittaa and are 
raplaoad aaHcedlsr 1^ nodem taolmiquea aa aoiTont axtraetioii, lon-
axaliancet eiiroMiteNprai^ emd eieetroiiioraaia* flia rapid deTeiopai«at of 
thaaa aedam taeimi^paa baa laareaaad tlia raqulreaumta plaoad in 
aaalytiaal lalMirateriea* 
Oat of tkaaa tadmifttaa ioA»«iahaaga haa baeona alaoat 
indiapaaaalile* Aapid and aaaarata detarsUiation of aoaatltttenta of a 
aaapla ar aootaaineata of allajra of aevpilaatad ooatpoaitiana, 
biologiaal anbataaaaa aad flaalon prediteta of radioaatlTa alaMmta 
iM8 baiaaa paaailila I r tlia tmm of leA-as^aagara. A l l oirar tbe varld 
flwaavaaa plaaita Ana ia •pamtlaA far davalapiag tlia aeparatiaBa af 
teiaffiB»i«» offania aad biaihtataal aixtaraa* flia aaat iapartaat 
9 
mT^plimtitm i t 9HII ih% pwrifiwitioii of ir«t»r« f l i * «ftt«r pollution 
oaa air pollotios «ro ineroMiag dajr tgr dajr* Bfmwwr^ tiio Miiliodo 
l»oed on io»»«xoii«ig« oaa lio onooooofiii i f appUod to tbooo problena, 
Xon^oxf^ migo wao rooogniood in tiio Kiaaie of last oeotoiy l»ut 
i t io only in ttio l««t fev deeodoo tiMit tliio fi«14 ^ » liooono of 
inporta&oo in alaost ovoir f i o M of iolionitoiy work, ftiis piienoaiencai 
txy the Baae of hom& ex^aago vno diooororod in i850 tyy two agrieisltur&i 
olieniot»» fliois|>ooii ( i ) and wagr (8) , iibo wer© otudring tbo nptiOce of 
ferti l iaoro Ijy aoila* fiio «x«iia&g« involvod o^tiiimlent ^«i»ttiti«8 of 
roplao^le and r^laeed ions« Xt una aatalili^od in i85% tbat aluaino* 
aiiieatea vara reaponaibia for t!iia axoHaaga (?»%)• Aoeording to 
h&ib9Tg (5) mid WiGgnar <6) tlia natariala reaptmaibla for thtm pfaano^  
mmion were definad wiinljr oiara» aaolitaa* glueimitaa and bneio aoida« 
flieaa diaoovarloa lad to tHa naa of tha nattirai aatariaia for mtar 
aoftaning* Gana waa aaStttiona to reeovar gold froii aaa iiatar adopting 
ttiia taoittiqaa* ttot ha oonid not f n i f i i liia awliitiotts baeasae tHa 
•atar ia l of tbia typa avaiialiia at t ^ t t iaa provad to %% inadaquata 
for tlia pnrpoaa* 6aaa (7) raoogniaad tba praotioal i t t i i i ty of tba 
iiH»>taialiaaKa pbaBOMaaoa for vaiar aoftaning naiag aaturai a»d ayntbatio 
saoiitaa and aUya* flia aadianatad bad of tba ias-asalMagar vaa 
ragaaaratad W paaaiag a aonaaatimtad aoiution of aodioa or potaaaiiua 
aalta* Baaanaa of tbia poaaibia rag«nafation tbaaa aaoUtaa and alagra 
aottld be uaad ovar and again, Uvitationa of saoUtaa and oiaya vara 
aaan raaognisadt i«a*t aaaiitaa ara daaaayaaad br aaite and aiaya ara 
di f f iaai t to baadla* To avavaaaa tbaaa i iattatiaaa a aaaroli for atabla 
ion aiahawga watatiai vaa atattad* to i99i lal lgfwi (•) abaMrvad that 
anipbita aalialaaa vaiba aa iwa^anibaagay for tba datatMlsatian af 
•opp«r« A« iat«irt«tia« 4i.mvw%rf ^tsan in 1995 niito AdMM ana H O I S M 
twma tiNit «nwli*d pfeMSBograpli rMovie tatbtbit ion c^aBeikMig* propiirtt««* 
tli« r«wiilc«lil« ettmt l«d ttie tiiT«iitot» to tli« cpitlkMi* of orfftnlo 
tmk'o^mieSsmsmm roolns «t^ioli !ma ttao& lietter proiMirti^ tham oof of tlio 
pronoao prodooto (9) . Tariooo tm^smn^mrnktB wore wAo iA tlioso rosino* 
tmtnty aftor irorld war Xi W oo^poaioo in f^ «S«A« aaa ^iglaad* THese 
rooias are otat^Io tovards aoitft mA mmr te ttai^ie* the otroetaro oaa 
l»0 varied a» i^osiredy tHerofor^t t&o diff&ealltios olmerved trith sooliteo 
ana olayo vere ranoTodi ligr t!i€ tatroatiotiisn of roaiiui« Stnee tii«ii tlieoo 
orgmilo loiKoxehaiigora Imiro hem used ^oth in lattoratorr oaO. on 
ioatzstrial oeale for sopamtionst roooveri^ of met&ls^ aotexiainatioit 
of waloTf otmoMitz^tion of oIootroi^M» roaotioao of prooipitatoe and 
eiv^dating the ao^aaimi of groat mm^ roaoti<ms (tO)« 
flto applioationa of orgaaio i(»^oxofoaiigo rmiMs ar« also iiaitod 
imdor oortais oaditioao t«e«, tliajr aro miatalilo in a i^ifioiia myutmm at 
l i i ^ ton^ovfttoroa aad ia i^ roa«&oa of tho imiisiag radiationa* For tti«s« 
reaaona tbera haa t»«&tt a roirivatf iataraat in iaorgiwio icm^airaliaagara 
in roeant 3r«Ara» as th^ aro imaffaetaA W ionising radiatioaa and ara 
loaa aensitira to Itighar tanfiarataraa* flia atraetara of tboao inorganio 
ien»eKfimngara ia atiff» tii^rafora ti^v Are nwra aalaetiva and aaitabia 
for tlia aaparation of tana an tha »aaia of tl iair diffar^nt aiaaa* ror 
tnia raaaan thar oan alao ba oaad aa ionio or aaiaoalar aievaa* Baing 
aaitabla towavda ionising radiatictna tliigr oan %a naad advantagaooaly in 
raaotor taoimologjr* 
fii owdar to andamtaad tiiaaa ai»9liaationa aaid to inprova npan 
tlian aratamtia f^indantnlal atadiaa mm Iming pmm^^l^ on tlMoa MStariaia* 
fliia aav Intopaat in tnam^niia im mm»mgmr9 mtjr ^ naid to kagin in 
4 
19%3« I t «*• tint thmm '^ Bojrtf ( i l ) ttuit eoluwit oontftiiilttg f i i i«l^ 
aiiriA«d ilr«ottiini plio»|)bat« •iippttrt«d «ii • i i i ea v»ot mmM %• «••« to 
••pftmt« nrfuiitta mad j^IutoiiitiM fron fistion preduets Itjr «» ioii«>«aieb«iig« 
proee«8« 2n adSition to siriio»iiiiii |i&o«|^t« wmny otii«r «iiiilAr 
0iib*t«iie«« Mfty %9 prmp9iT9A by 0€Mil>&iiiiig oxido* of groap IV wltti tlie 
«»ro aeidio oxido* of gzoiipo ? and VI of tlio perlodio taiilo* 
The v«rtou« iaorganlo iotwoatoliaiigers fynttioaieod iipto i9<^ 3 liaTo 
lioen a^bairably roirtiwod in tlio nonogrftpb of An^lett (1.8) vtiioli Imt 
!iee(»ie a olaasie in tbia f lo ld* ^ e attadias <m thaaa aatariala fron 
t9S3't9f^9 b&re he&i ai»iaartaed ^r I*«i^i^ and Vaaaly Ci3»i%) imdar tite 
follosriBg haada: 
1* Qjrdroiia oxidaa* 
2» Aaldio aalta of walttralmt atetala* 
5« Salta of heteropolyaoida* 
4* Inaolubla farroeyanidea* 
5* £^tliatio aluiaiiioallioatea* 
<?• Cortalo otli«r aa1}8taiioasa«g«t ayntbatle apatitaa* aulpiiidaa tmd 
Aismline aarlh aitlpliataa« 
flia ayntiiaala and ai^IioatioiM of iaorgaalo ioB-aKcHangara liava 
baaa rcnriawad bjr Walton (t5»i<lt^7)« ^ « ayatbaala and ioii-axaba»ia 
propartiaa of tba aoMpotnda of tbla olaaa ara aaanarisad tm Yabla i . 
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A itMrvli • f ih« l i t tmt i i r * wlhmnwtf U t t l * w«rJc «a iron %«••« 
«MlMUBif#Ks«ia • • Iron • A U H AT* lm9 mtptmtlw thmftewm i t «•« ««oid«d 
to •3rmtlt«9it« iF0iwiMi««d lactfiMiitrs* 
Wow m «<M9l«t« 41fiseripti€tt of m •f]^«t«B0e «« mt ian->iai«iifi]ig«rt 
thm foiiowiiig |>ro]^rti«0 mitt !»• •tuOiAds 
i» fbe i<m-«iehi»is« oftpMity* 
2* file refti«taikee toii&f^ a e l ^ «ii4 t»i««s* 
3* Conpoffitioa* 
9* l>ii%«itiion6trio iitrfttions* 
6« Distrilmtion of ions tietween 8olv«^t ana esf^rnigcr ptias**. 
?• ftierm>IDmatti<}9* 
d» Kia«ti«t, 
9* Jlafilytieal a^lleatiiits** 
For Qiiaraotorisiiig a ttaw ioiwoxoliaiiga tutorial anA for aiia#rloal 
oalenlaiioKHi tiaoA in oj^ratiooa^ i i a ti»i<*{SKdytttg« «as»aoitr mat l>« 
datorttinaA* For a strimg ioii>»aa»3liaiisarf the eaimaity ean reaaily ba 
tfatamliiad Iqr fliraat titraticaif for aia^plOf a atron^ eatiiM aaEoliaaiar 
in n* mSwm mm Ha titratad vitb a atroag liaaa l ika aotfim ttydraxiaa. 
Bat ttt« ajratliatio iaorgaiiio ioii-aaioliaifMiara liabava aa waak ioa*ia(«iuaiigara 
aafty tliaraforay tha Airaat i i t ra i ioi i ia aot raliafela* Rara tiia battar 
aay of dat^naiaiiic ilia ian^aataiiMifa aa^aoity ia atvuliaA liy rapiaoaaant 
of hyirogiM iaiia froa Ma awriMMtar piiaaa Iqr tl»a iana of a aaatrai 
aai i aaA af Aatamdnias t M afiiiiiliriaB ion^aicaliaaca aapaaity ia W 
pl!-titratiaiia» 
1 4 
fotiBtioB»lrt« t&tir»tioB« wro ti^Iffttji im fixintiii iAiiftb«r Urn 
vmbamgmr t9 mmmimketimml, or poi^tmm^immt* iklhmr%i km» iMdo ooii* 
tsportaul «tit4i«» im OfysiAllllit* ffinwiitiHi i^oofimto 1^ atnHyiiii i l « 
tity&ii<m oiirv«« #f «lrei»t«a ptio$i^to wttft «lt«liii« oarib Mttol 
liQNbrtaitdl«« ClO^I* l^e fotms t te t tlioMi eiirY«» aro stimiglj offootod %rjr 
j^r^brolrst* of meftfoangor 9m& froelpltfttimi of tnootn^lo ptios^otoo* lo 
l^ nmd tiiat 1% *^^  fr«oifit«t«s mt tim oxobsiigor ot ?0^ «ai^«iigOi si^'^ at 
soil «3Geb0fi®« m^ Ift*" at td^ wittmgm* U& «i^a»so n^ o fowtH i r i ^ 
^(€11)2 pTG^mhty ^mmmm tlio t^ilroiea ion of B|g to veiy lof^o asa i t 
oaeoQoi l^^otvftto in tHo ^ v i t r »f tlio o»eftiiigi^* Ho ftl«> ottidiefl tiso 
fomofS md rororso Ha'^ '^^ 'v^  ios oai^&iiso ioo^orso <ii0) on^ foons t ^ t 
^ ' ^ • i ' ^ 9mi^umg% in tm ofaoono •oI«ti<»i io a two otop proeiNit v i ^ 
portiol liiaoo ooliifllili^* AiliMrti oloo otadiot ttoo i»Bt«»«N^iat« oa 
orrttoll ino •iro«&ti»s ^e«|ltat# propar^ ^tl ier IQT liio rof loxiag 
yvooolMHro or W tfto dtroot frooipitotioift froooititro ( i i i ) * i t nop 
foofti tliot tMo aotorioiOf oitiioti^ «i^i%itiag oiadlor s-ray pooAor 
pattoittOf pooaoos 4ifforoftt ion»OKOliim@o iN^avioHr* 
fit a i l aiHiiytioai aotiioAB ooaoorooi iritb aoiotioaof %h% 
tteofiKlyna»ioa a»S iiiaotioa aro aoat iaportaiit to atodr tlio roaotioft 
tMobaaiaM* Io»»«iolMaigo ofolltt»ria tmw %• Aoaori^oi W too tiioorotioai 
approaaiioa vi«*t (a) %aaoA «• tht lav of mmB aotioa am& {%) IMiaoi on 
tHo SowMui Miooffir* froB a tiioorotioai vtoo potnt* tlio Mimaa tbooty 
iai(ttnMg|dhMMMM||i iHilMHfiMttP of IHHIIII aiotiiMiafa n Booooar* fiiMi a acaotioal 
15 
hm»md urn tUtt le» 9t MS«« mettmi moAtfi^ in t«fMi •f ««tivity «o«ffi« 
oieats i» appli«d tn ^ i * •tntfy* fh« toii<«^ aK<diAiig« efuiUlirtA of Ltt Ka 
and % on airooitiiiii {Aoa^ata attttiaoiw was atodied W i^^fwtm maA 
Tiaara ( i i2) , fhey ealetilatad tha a^iUbrtunt aonataut and otl«r 
tlieivall^ r»<knlaal iparasiatara irl«*f AG# AH and A^ '• KaneoIlJui ana 
eo-voncars atoaied tlit tlwraodlyiiaadlaa af aatioii axebaoigo oa elreimiuB 
l^ospiiata (S7fti5»it4)« fliar taiarpratfla ttta tliars^ idyitaflclaal ftmctlona 
in tennff at the aatara of tte Itmi&ing batvai» iha aiicali nttai ion mad 
th& natrix of ilia ion^exelianger* Staiiar atadiaa Haira also lia@ii 
raporte^ lai aaiem aacdiaiita (115i33)* 
fba iosi<»0zoiMKQge ia gorentaA W itttet^iffuaiasi of Uk@ de^aDgiiiit 
oomttar lona^ eitti^ Ixy partiale dSffuaidi or t>y film ^iffaaion* ^nu 
Iciaatiaa «riil tiolp to imdarataiia ttia t&aorattoai traateent of ion-
axaiiaiigo, MaiieoXlas aiao ataSiad tlia ktaatiaa of nek^mB'*' asoiiaaga on 
aiyatalllae sirocaiiiai pboaiiiiata* fSia fata of asottanga t9 ia i t ia l lr 
foot and tiMm baaoeoa aiaw^ au^aattag a ^aoga in wryatal atruatura 
(ii6)» faga tmA KHmiia atuAiaA tHa Isinatiaa of ioo»taiobimga itatwtiii 
aikali satala and airacmltM mtiaenata (58) ia liydroiMi fom at 85 €• 
fHiV* found tliat tisa rata t>f tiia raaatioa inaraaaaa witb tHa atania 
aaaibar of tlie aatioa* It aaa Blmi0r tiian tiiat for aalfaaatod raalaa 
iMit aora rapid tiiaA tiMt f^ aaHMaqriia raaiat* Raamtljry Ail^erti 
atadied tiiat tiia rata af aacaiiaaca daaraaaaa frani Ba^ ^ to 8r^^ aad ^wt 
i t ia partiaalarlF low far Mi^* ion* Slaaa tlia anargjr af Iiydrattan af 
a giir«B M^^ ion daaraaaaa witli ita Inaraaaiai aiyataliina mdiug» i t ia 
iikaiy tiwt tlie lavar iOMkanga rata of Hg'^  ia ralatad ta ita ralativalr 
largar lijpdratioa anaxgr« fliarafar« i t ia diffiaalt far tiia iarga 
fegrtmiad % to Alffna* l» tiM r«tlettl«r •tnietiir« of slvoMiitHi 
ftiotphat* fimmMi tovtag low int«rUcr«r AivtaaoMi (i l7)« 
fhe 41i^rt1N»tim of im ion iMtvoott tiio is^toBgoi' pbaoo ead tile 
•olvont gifWii tli« ttoaonre at tim toidotlvity* en ^ 0 i»a«i« of 
•eleetivliy i t is potsil^io to iiotin^piiili lietwoea difforont ooonter 
ic»o« fbe «i«iisBger ttoifsllar talces up oortniii iciiio in proforcaioe to 
otlK^r oonater ions* l^i® a^Ieotivitr masr Anp^idt miii lyt iipfMi tiio 
foiio^lns oauseoi ( i ) Deenan ^ t«a t io i ( i i ) Store aotion una ( i t i ) 
O&Bpltm feiiMitifitt* fiio ooleetif i tr i s a» important footer to ottift^ 
t ^ oepox^tioBe* On ^ e Imoio of diotrilmtioa ooeffioieiite i t io 
possible to proAiet t i ^ oeparaticm of tme ion from tiie otiier* 
mo inorgsiiio ioB-^an^oagoro ftave boon usofttZ not only in the 
•eintratioti of ntdioaotive noteriolo mm for use ot iiifti tei^erotiireo 
%tit they hfti^ « fotmfl mmerous other opplieatiano* Hheoo loialsrtioai 
oppiioatioBs o<m ht* ootoitorised as foiiowii 
i * Pttrii^oati<ai of the sshstaaoes eo « iorge ooole. 
2« 8epftrsti<iit of ona iim fre« other on the •»a l i eoiOHoe of io»-«aiohoater. 
3* toii»«aMiUMge psper ohroMOtogmpliio s^porotioas* 
4* EieotrophiNresio* 
5* Soiia state seporatiens* 
«• ^eo i f io spot tests* 
7« t{ee of io»*ffiMrtMiii8or bosda to ioeate the onA poiat in t i t ra t ion, 
Pwrifioatiisi «n a iargo aoale oaa he aa4e hy paoeing the saaiiie 
ia prefeveaoe to other* liio oaolMagor hoA oaa he oowrertoi into 
•ttitahio fom hy the froeoos of s^otenevatien* fhie teotottae oaa also 
i; 
9li« •l«MMit« |»re9tBt ia tiNi i«iile fovMi wr« «aiitfMMf«A ^ tiitt •qutvulwit 
ffii^iiit of tbe ooisttor ions pr«»«iit in tli« «xolM»g«r# IHe •ItMsts Ar« 
thou oliitad %Qr soae 0iittdDle «2.«ctrcil3rtte roftgtBt* Xonie replaoettttatt 
are i««iially Qta£t« »titpX3^  «srric!d m^ t«. f^stnllio ion* are mpli^oti 
6toi<^iit^ctn<»ll3r tii^ h^vogm Ions «liieli ORM fee iitmiea with « 
tadlreotSs' 1^ this mppttea^titm &t ^at^mg^ roftettims 
a m * 11^ •>' "••>>' J!B„ * H H " 
i<ii""-"'" ' n 
hy0»m^l i.<m^ stoiclsioastrieallT. 
file tMist diffietilit opoxdftlQii in ehiWiloal itiialyiii9 in tlie 
•epif<iti«m 0f Qaf8ip(Mi0ftte into ttte f<»mir us<id for tlbo eaty a«t@rii&B«ition9. 
S6V«i«i Mittto^s havQ !>«<!ii 4iiv0&op«d for %h%m patpos«« cairottato^^ptqr 
una ti>»"€»1t«tti|;» tiflcre rtvoIutioiMiisr «ffe«t» <»» tlii« aaalytia* cmroMa 
togmplir r«dBo«s tiMi %ia» itti«tioa to « groot oKtoitt* Tiiio to«imii|iie 
&• tcKtroMBlr <fMinnlil.Of oimio oeaqpoiaKli irtiioli ar« oiiillor «»oiigb to 
ioi^ oopaswtim ligr anr other aoliiod AT* oftma rooolvod ^ ^ i t o »i«plo 
okroMttoivopliio pftMoftadroo* Coiuan oturowitograiAsr i« vmlnoblo^ alaoo 
tlia aa^ atMMiaa aojpaiatail aro oeiloetad ^aaatitativaly* An ia|iortaait 
AavotapMMt iftioii tnalloa tha UB* of papar aaparationo aa a prapaimtivo 
•otatttttoii taotatfiia aaA niiioii uttUaaa to atfYaaiaca tlia aoMiiiioa 
affaata af prnper aluro«atotrapiir ana iott»«c«iunta ia tba alin»«at««m9lqr 
aa i^ava iaiirapMitaA iritli ioii*«Kaiiaagara« fHa afoipaont m9m%»mkwf ia 
vaiir ai«f la« lliiaa ioa»oaialia»ga paj^ra are aaaiir proparad ^ tvoatiag 
Is 
tbiM witH prttifitatiag •l«otfolytie »o].fiti«a« «n« miter tlm otiiMr* 
f1i« ••paititioiit ftDitii3ir«a on tli«ie p^^ers ar« i«|>idt •eittotiir^ aiiA 
oleaiit mt& arof tUtrtforet Mrt^siT^ly tis«d In ttnalytleallr aatf liio-
^iateally in^os^aiit ••i^ftratioiis* SOMI im^riaat tcparatioii* of 
isozsaaie and oinganio ttibttAiiott «n tli«»d p{ip«vi are li»t«a ia tailzie 2« 
Siitoe tli« ef3f»talJtii}6 I<»ii»ac< i^igar8 ^v« eavitittn of definite 
•iee V^ey also ^tseaa ion aie^e ^roportioa* Xan» «!il<^ are larger 
thm the faolea ia tlte aavity aaaaot i^eaetrate ana therefore ttiesr ean lie 
•eparatea frcB snaller io«« tmidi eaa eaetlsr eater tlie eavlt|r« ftieee 
e^aratieae irere first of all aidnieired W Cilearfieid (134) on siroeaiitn 
pboex^ate orFetala ead are aoaiafiaedl Heloiri 
flier li«RteA weii^ea aaouate of Oried airofniluHi {iboeijtiate aad 
tho a&hsrtfrmia Metal eait ia a platiatsi dieh* An exdlkifflise reaotioa 
tatcee piaoe uliieh wte^ be ropreeeated ti^  tlie foliowiag e^Gatloat 
2r(HP0 )^2tHg0 • 8/X MCljj ^ r '"^  2**^ >^8/X *^*®4^ 8 * ^^^ * V 
Miea siae eliioriAe or iiaHnion eliloride ^tmt* exoiieageA a aew pbaee vae 
obtaiaed uliieii pereiated to al)o«t 2/3 of total aapaeitf of «M t^aU4fer« 
fbeee wide mas** of aetal ooataat fomlag tile aaae atrueture iadieate 
tliat eolitt aoltttioaa of aatioa vitliia arratal iattiee «re foraiais* 
file faat tliat a variety of eatioa typee gife tlie aaae piiaaea (aljaeet 
ideatiaai iaterflaaer epaeiag %ot Atffereat iateaeitiea) iafliaatea tiMt 
tlie eryetal Zattiae reaeiaa rigitf vitli tiie aatioaa oaeuygriag aiailar 
exeliaagei aitea* fliia ie aalike the htbaviear of sireeaiua piiaaplMte 
axehinitac ieaa ta a t^teoaa eleatralyte aoletioa ahare tlie iattiae 
axpaaia hy tlie aeirtiMat of the <>^ «>aira«aiaa ^hoaphate layara ta 
aaaeaaiate hy4brate« aatioaa. 
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fbat t i l * 9ii«BMWi«i is iadMd ioii««i^taiiie ««• tboim Dgr tli« 
•Itttioii «f «A«ioiis t^tH tfilnttt mt& •olutioiui* file Oftticnt ^ml6 alto 
He rMmr«d i ^ Qotttaetlng tli« «x«iiftiii« ptos«« vi th gti9«oti« iijrArogMi 
80M toii<»«s«lmitg« 9«|Mirattoii» were also ftohierefl* A noiittioii 
eoBtalaii^ eqii*! parte ot l i^lnfii obleride «8d oaeeitni eliloride vae 
evaporatefi to Ai^eee and tlie ItiT aait Mixture grooud togetber nith 
oC'^^vemtvm p&esiiiate. €n beating tbe atxtnre at 18$ c l itbitm 
c»eIiaBgea leaving eaesitia tweaoee oavitiee are large enougb to petwit a 
^ t l o n of about Z*$ \ * mm C»* i^onU be exoluaed ae iras InCeiot 
obeenred* 
iieotroi^iroKatogimpbie inrestti^tieas are eeeietiaMe of fiaida-
• f i i ta i iiqiortaaee to e t c ^ tbe ebarge on tbe oonplcEZ foraed hy tbe 
netai andi tbe eolvent or on tbe imrio^ orgaaie eiM^taidey tboee ebowing 
tbe 4m% ebaraeter for «smm^l9 aalao aold (151) • i f f boweveri ion-
exoben^e ie oosMaed witb eieetroi^oretie aigratiotti nore intereatiag 
reenlte are ebtainett and tbe potential of tbie teebaiQae iaereaeee. 
Seae etagiee in tbie direetiott bave ebowt tbe enperiority of tbie 
appream (i75ii3«»i37*i9i)* • • ' 7 U t t i e eieetroebronategra^ie work 
en paper iatregnate< witb eyatbetie taofianie ien-eoHibaagara bare been 
reperteg (i99»i%o»iSO)* 
OifortiHiateljr reir Urn etugiea bare been reported on ion^^ntebange 
in aolten ealte* Alberti and A i lu l i i <i%i) treat ien<HHnb«ige en 
aaenibe^ aireeninn pboepbate in leolten nitratee* Iber fomd tbat 
i itbion ion ie greatlj preferred erer petaeeinn iene IQT tbe emebanger. 
25 
MMirplieii* slro<Miit» flioftpliAt* la li&'*'« llft^ « K* ttnA C*^ form ovwr tlio 
r«»iO 2«40f& «ottv«ir»ioiM« mo oyooif to ooaAiietftBoo of tlio Li"^ MMS CS'*' 
fonm was foaad to doerouM «it& piMrvoiit eonvoroion viliilo thut of flio 
Il«^ ftnA H:**" fofwi f i m t taoroaott «atf tlH» dooroasoo ao ooavorolon 
prcHio«ao# A t«itaUTo aoAoi iwo propooed to oxplaia tbo obeorrod 
plM»aon€ta9i# 
Ftaally a f«« aorol a^Ueattoito of jUiofitaio ioii-«xoiiaii£« 
S7»attl«s Sfor lio nentioaod* S^umio aolartjlate ttoaOo givo a blaolc colour 
<i%3} wit& Iran (IX) asiA aro ipoeif&o for tliio ton* M «o»e t i tmtio»0 
otiltable ladieator is not availabio* Xon-asebeiiigor granalM In a 
purttetilar iratal foato fora oaa aot as a atiitatilo indfoator for •nob 
tit iatlcm** for «ias|^lo» otimaie artMiato and ferrio pboopliata grwialoo 
la the ra ittt) fane liaTo boon uooft ao i » Indioator for tbo t i t rat ion 
of slae (i%4> aaS tftoritai (i45) vit i i potaooiaa forro^aaido roopoativaijr* 
tlii0 |»ro]i«rt3r af laoitaaio ioa axotisagoro i« Yoxy aoefal for ^piaatitatiTa 
aaalgroio ao i t r«aoir»o tbo iatorforoaaa of iatfioator ia tlie soiatioo 
fko yroooat voifc wao aaaortalion to pr^aro «a inoiioaio ioa 
aiaiMuis^ forria pbooflifttot ®^ ata^jr i to propArtito aad appUfatioao* 
ibo aoo af taataiua aroonato boo boaa wmAm to ttadir tiM kiaotiao aad 
Un§¥meafwmt9B of ion**iK«iiaBft« Popor ^roaotogiapiijr of piioaolo oa 
I^H^ogaatoi papor vitii otoaaio Molybteto tiao baoa parfanioA to aohi«firo 
variottft aopavatioao M M to Ha^p tbo ^oeiat iaal ralatioa for tlio 
•oraMat af ioao oa tbooo ioa*aaolioaga poporo* eiaetropliorooio af 
iaaffMiia ioao M H aaiao aai€o oa iaarfoaia Jon-awoitiafo papor boa booa 
2()' 
•tudi«d to 60fl9p vftrtoos 9wp»rK%t0tm of analytioal i^portanoo. rorrio 
piiofptoto groiifilos in fo (UX> fmm I M I Hoin cwf« to dotonHao tbo 
tmA point i» tiio t i trat ion of lAorimi in protiooo of mro oortti wotaio 
ifitft potOMim fonroesraaiAo* 
27 
«• 4*T. m^t mu. Uj^ 3*5 mmu |2» 123 (test). 
3« E.tr* S«ri« **f1i^i«a], ana ^ ^ i t o A l «Mtiiod« o f ••parmtliifi*>» 
Il6§iwii*llil.l B00& &m^my tite«t l^onioa ( 1 ^ 5 ) * 
6« 6* f i «^@r« J»yBia»trt«<aig ^ t i l t ^97 U 9 i t ) * 
7* K« 6&ii»t 4itfiiti»f!r»i«>«E«ol-»laii4gtt«iia$iiM.. CSt r l in K 86.g 179 (t905|« 
iO« ^ . P . EBwst «itd ^cP* ®ingb« iUMil»Cfa^M«t 4 | t 7IS C^975)* 
t l « E«A» ne«t«a« A«v* Atfaimoiiy ^« s<di»%«rt mid 0«E* !N>ytdt t;«s.A«&* 
< ^ n « i l l«pori €9f«»!iCH3 ( t943)f l» t l * I t tatost ?*il« l!<»ep«rt 0«.A* Fr ic i i t 
(i9%3)» 
t3« 1^* • • • • I F Mid F* l ^a r#E« faUiit»»t | 2 ^ 8 i 9 (197S)* 
i%» F« F^»ur«lE mmi ?• • • • • i F t f»l«iit#» t_g« tU^3 (i97S)« 
t5« H*F* «ftUoii» AMH«qiWi,« ji8| •«« <I970). 
16* »*F. Vftltottt thUm 4%» 83«R <i972)« 
t 7 * fi.F, WiltiMtt i»t<# %, S f t l l ( I 9 7 I K 
l i * I«S.C» €lii»nM« t»Af f t#Mi : i i i » q i f t » t # i f f 8#t %8t <•» 87t t^S ( i 9 i 5 ) . 
2S 
W t f n . 1^ 108 (1965)« 
at, r«x, 8ftir»i««Yft mm T«A« fititiiiyir» i»»iiprtc»iati»»i^iaaw»i.iB»t## 
42, 82 (1965). 
23. C, aarl»ftu©&«» QM ?•!# Sbom^Vt Zb«H#i»giaii.'<&!«>« |2> 33 (1970)• 
tt5# 8» *hrJlaiia a»(i A» Oticarssoiit 4• liio«^»HtteI,aifp« t 2I> ^^^ (*t70)« 
86* E«r« Sonrlts, lliia, 28» i%69 (1%6}* 
S7# G.II, KancoUds and B.V»J:«S.II«A* tllii^y m a » |£ t 36*3 (1%9). 
es* 4i« Ail>evttieoa» 3 •Acta^di^ gt* Sottaa, t 20y li;89 (19^)* 
29* T«A« Perevosova ana fT*s« Sololiliiovft» m^lhrikl^mtm^ jlmixk^rmA}, 
«0» 2679 (1967)• 
30, ». Crjatlmiala and H* mil^t »oil»»orla ^;larl^ fBst»Ktiol»s«l.. 
l i» 75 (196% )• 
31* K.n» Kamlg ana :, OMMI* il,Chwwati>^>. 2Et ^0^ (1969). 
32« K«u* K0ttlg aad B.saiiafary itadloaiil«*Aata«» i | 213 (1963)* 
33* Kt.H, Konlg and F. Itajrar* AtiiMPfm«l>, 11* 275 (1965)* 
34* R«S* Balalilaava aa4 T«I« foasoralavat jai*Frlic3l#«ia»« ^I.a>lagra4)» 
40, 1833 (1967). 
35* 0*8* MartlaaUlk aad 8iarol>lii«tt. la»lad»8ir»l»4y,imtmimm* 
liitartalavaiMHisHaiiiE 888B>laat>yi»»Kltlfa>« 15i (1964)* 
36* B«8* Balalilaava aa4 S*T, Ktiarlimova, ai»l>rllil»iailii>(t.t»l»«f>4l)> 
2 | , 67* (1965). 
37. R.r* nrltavli* aad 8*A« KHaiiataav, ya«tit»tia|«gr»qi|v»# SlidlllS** 
141 Ci969). 
20 
3^« A* ei«ttrfi<tld and 0«D* 8«itii» jl»Iii0rp»lfuol»C!hwi«, ^ 277 {t968)« 
%0« ^* forraettftt ^* COtftantind and H*A* liimnxfrott £«;^£SS£lM** i^t 
58% (1967)• 
41* A* CleatTti^M Qiid B,li« Bl<Mi«itiit «f• »iiiri«Kiiiol «Clioia» # ^ « 26^3 
(i972)* 
Bema^t | S , 707 (1964). 
2186 (1968)« 
%4. K.A» i<)»ti», T?,8>fat«at., 2l, 5^» ^^ (1968). 
%5* «#H% BalMHUi m& A.H,S, Ha«t - I s S S H l S t ^ t SI» ^^5 (1970), 
' Tiiimmrmnili'iinrT'i r-T' iin r-m •"•nifftta •nfTr ^in- r -i-nr" rrr<-ifinirninnrrr-nii|i ir inr Tinmti—waJMBMiii 
Balatctt«i»pl«k, £» 6S&7 (1969). 
%7« UO. ^4«iro»» 3*lmrM*mmUCbm*, £8« 599 (1966), 
%8« T*P* ¥>«>(# P« Sun and K^Tt'^ Cfaaii« giw-a«ttpht 2 2 (1^5)* 
49 . f*P* tongf P* Sm and >:«¥• Cl«iit ib ia , £ (1967) • 
50« «l«s, 8121 MMT S,lf. f»ii«ii i i^MmAimamUmm^* | 2 f 391 (1973)• 
51* 0* Alii«rtl «iMl tJ« e<i«tMi«lm»» ££SS£SS!£S£*f ^ > ^82 (1970)* 
38# 8« AllMrtl MM «• 6MtttA«iao» J^i»aim.Htt«l.cai#«.« 2&* ^7^^ (1970). 
53* if* Quraalil «nd ¥• UtoMla* J«Cliwi#8oo«,(Ay« 1S0% (1970), 
9%« }t« QurMlil AAA 8»A« SAbly J«Clig««89a*.(A)» 139 (1971)* 
59. B«li«» jQ^tMt.t | | 2 f 98f (198%). 
56. li#Hi.AgpI,8. 803t 697 (1986). 
97* I* lll«li«i Mid A* ¥• ! • • • i>!Ni»iiyf0r»oii. B«t | » f 1100 (1967)* 
98« 8* AUNrtli t» 8ifii i»l AHA 8« f«nr»«««9 J»I»ir^ .HHAI »!»<»• > g|« 
971 (1967). 
30 
' 4ij I ml I mi 11 w i l l III mtt. -Mm^ . •; ^m mmmMnw^ «»!>• mmmmimmmmut-n'mmmmmmmmmmmimm^ 
iryaI,FiU«l» 10, 73 (1966). 
$0* «r« Plrcty ^, Bwuriri G* Bftloa and C« S«aud«t| Biil.i«soo#<9iia.f'y«ae», 
5590 (t9e3). 
<>t« B* Ooli^o and F. QntBOiaiy yyiiv»8oc«Biarai,lit>atpalli»r« > 26> 555 
(1966). 
€2* O* BalKHi mid T« ^ilcaiAai. Coig>ttS«iafl»Aoaa»Sei* (fifcriii) 8cr»C«« 
270» iS55 (1970), 
€5« C»* Al%«rti am fm l^rremekf jr,l»oyg,l>tiol,caiwa,» ^ ^ 5075 (1958). 
|^« H. i^tr@9lil ma &«A« HiOyly IMd. ^ 2059 (1970). 
65• M» i^3r««&l aaa ir« E!tiia&r» «?.<aigiitSo6«,(A)t l%d8 (1970). 
66* f*« Qtiresbl ai^ 0«B, Batttor®^ ll»l<l» 2515 (1969)* 
67. H. <|nriMlkl a»d ^*P. Ottpta, lliM, 1755 (19^9). 
6S« HI. ^raatili li.i^ttar and H*b* Mtfiarat Anal»Citf»# 4%^ ]^^ > 1081 
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C B A P f E B . l Z 
VBKmmiTim^ tm^jmrnmau PROPERTIES 
AND APPUtCAf ICaiS W FEB&IC mQSIf!AI*S 
f i .^ 3 
PBEPARATIONt XON^BXCHANaE PnOPEBTIES AND 
APPUCATKHB OF WEmiQ FnOSPOATB 
Zn tli« past t«ai f«ar« vajrioiui laorgtuiio itm emehang^rB hw« 
Men pr«p«r«d and usaa for sairwral. possiblw applieations (tt3t3»4f5}« 
Out of tli«««^ phofiphaiea aro tho »o«t attidled* Fboaiduitos of 
fisiroonliiffl (6)t titaatus (7)* t in i&}§ oeriuiB (9)^ otiroatma (iO)» 
tontalim ( i t ) and antimmy (12) bairo b a ^ aynthaaiieed and uaad for 
imrious saparatlims in analytical otianiatry* Ion aaeehanga atudiaa 
on iron aaHs are oaao to a vary l i t t i a axtant* Iron ptioapbata Itaa 
baea praparad by fCobayahi (13) aiaEiaii farrie Ityaroxida and jAosptiorio 
acid* Fbaaa equilibria was atndied but tbia ooapoiaid vas aligbtly 
aolttbla in idtoapborio acid* 
Farrio phaapbata baa been prepared by tbe oinibinatiQii of ferrie 
nitrate and pboapboria aoid or oanoBitta dibydrogen pboapbate in 
different Mole ratioa and at Tarioua pH fuluea* Out of tbeae tbe 
ea^ple prepared by nixiaf 0«iM ferrie nitrate and O.iM aMMaitia 
dibydrogen pboapbate in tbe ratio of i t2 at pil i«o aeeitta quite atable 
and poaaeasea tbe naxiwHi ion*exolMUiie eapaoity. fbereforet tbe 
•ariooa atodiee for exaaple deteinAnation of m talueai oaparationot 
pB titrationa* atability ete*t are perfomed on tbia aaaple* Gtieniaal 
analyaia and bydrolyaia of a few etber aanplea baa also been perfomed. 
3 6 
A rol«tlo& ot ion txeiiiiiigt capacity vitb liydrai«a t&Hii of tli« Mttal 
ions i» Aiseuis«a* flio aleotrcm transfer prooass of thta oo^poimd Itjr 
aaoa r«aiu>iii@ aga&ta ia also atudtad. 
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R—gtat*! Furrie nitrat* (BHI) aiMl ortlioi^otplioilo aeid or aMKniun 
aiIi^rog«Bi |>hospliat0 (tsm) wtre n»»&* AXI ottier oheaieai* were of 
analytioal graae« 
Apparaiaai An olootrio tesiporaturo oontrolloa SICO sliolcor irao osoa 
for stiakins* BauB<^  and Loeft) aiieotroaio SO waa nacd for s|)ectro<« 
l^ otCMoetrlo moaanraaenta^ pll sMmsureaenta were aade wltti an Elloo 
p!l*siator isodei Ll*io (India). A itiiUpa conaootivity bridge Pit 9500, 
Sargent Osoiiloiaeter type (V) %geve nam tor ooi^aotoetcstrio and hi@b 
fre^ttancy titrations recpootively. 
i^theaiat Ferric ptioepnate waa preoipitate<3 by adaing pboapborio aoid 
or aMaooitm dibydrogen i^oapbate to tbo aointion of ferrio nitrate 
witb oimatant stirring imder tbe oonditiona given in Table «^ inie 
reqnired pu of tbe final product was adjustetl by adding e i^er 
bydroeblorie aeid or aoditiBi bydroxide eoltition« On etanding for 
8% bonra, Vx% precipitate eettled down* It waa filtered off, waabed 
first witb woiter at preeipitation pH, tben witb denineraliaed water 
at pR ^ and dried in an oven at %0 C« Tbe liaterial waa oonverted into 
tbe H"^  f e n by treataent witb i .o N aitrio aoid for 2k boura witb 
oeeasional ebatting and interadttant obaafiag tbe aeid* The product 
thua forwed waa dried at %0 0 in a tenperature eoatrolled oven. 
3S 
TABLE 3 
camitima or PREPAMTION AMD wtoPEaTiEs OP FERRIC PHOspoAfis 
Sauaples Coaditlont of tynthesle Proportles 
T T 
Holarity of 
roag0a%8 
wtacoA 
•OitOMk 
ratio 
PoiP 
m Colour in «* 
fofia 
r "" •""•'" ""I 
toa Cooposition 
exobango .«-«.»«-.,..»«. 
oapaoity MOl«« of 
t 
s 
3 
% 
5 
« 
7 
9 
0*1 m O.i ADP i t s 1*0 
o a IN 0*i PA i i 2 i*0 
0*i 113 0«i PA l t 0 2*0 
0*i IN O.i PA 
0 , i PH 0«i PA 
l t 2 4*0 
i l 2 6«0 
0*05 m 0*05 PA i t s 0*5 
0*05 ni 0,05 ABP ii% 0*5 
0.05 m 0«03 ADP 8t i i*0 
«bit« 
^i te 
l<ilg t^ 
Ligbt 
Uglit 
brown 
Miito 
Vhit« 
onmii 
0.77 
0.37 
0*40 
0*40 
0.45 
0.60 
0.38 
0*i5 
i t 2 
-
•• 
i | 2 
i t i*98 
i 8 i . 9 9 
• 
«. 
fW • Porrio aitrtttot ADP • Aiwiltwi dlhyarotoii pitoopteio 
PA «• Piioopliorio Aoitf 
3fl 
R e 8 17 & f S 
Ion tatottaaigt oftpaeityt Tbe 1«A •xohfUige oapaoity of tii« •arious 8aiBpl«8 
of f«rrio i)iio8|)!iate was dstenaiiMid by ooltum operation* Tbe Icm* 
exehangor la th& hy&rogm form ims plaood in tiie ooitaaa vitli glass 
ipooi support* SodUlcua nitrolfe soltiticHEi (i«OB) vas ii@o€i as tlie elueot* 
Ifie eluent ims coileoted* '0X9 hydrogen ions siotedi from ttio eoltmn 
wore titrinotrioQliy aetonitined t?itli standard solution of sodiua 
liydrosids* fbe rssnlts are sucaraariesd in fable 3» In order to see i t s 
working eapaoity as ion.exebangerft&e eopaoity was determined for sone 
siono and divalent oation solutions* fbe elnents used were i 2H KaNO», 
of tlie effluent was oolleetea in every oaso* ^ e resalts ore given 
in fable 4* 
I0K-EXCSitM5i: CAPACITY Ot' FEimiC PBOSPHAfC (SAHPLD i ) 
poll MrrBoraiT mi AND DIVAUST METAL ims 
Meial » fialt eoiniion u s ^ * i^ of ibe » ByArata H R i 
solution .AA *^ u\ Ixtiiange 
radii CA) eapaeity 
U* UtIiittM nitrate (8M) 9.9 %hO 0*69 
Ma* SediuM nitrate (8N) d.O 2*76 0*77 
K* Petassiusi nitrate (8M) 6,o 2*58 i*00 
M§^* NiiBesiua nitrate (iN) €*$ 7*00 0*52 
Ca '^* Caleiwi n i t r a t e (iK) 6*7 6*50 0*55 
sr^ "^  ftreMtiw nitrate (in) «*7 - o«%i 
fis^* Burium nitrate (i9f) 5*7 5«90 0*52 
im^ AMMnian nitrate (2N) 4»6 • 0*75 
N • Meiarity 
^ • : 
D<itginiinfttlo» of optAwni awlo mtlm For tlio prtpciratlon of the loa 
«jioliaiig«r tb« Qosdtining ratio iraii foond hy titrating F«(NO«}« with 
NB^ BgPO^  oaiiii high tremamef and eonduotomitrio titrations* 111 a 
hraatca in the otirvas vara ohtainad at the T^^*t^O^ sola ratio of lt2 
in both oaaea* fhia ratio waa talcen for the preparation of ferrio 
phosphate for moat of the sae^iea* The resnita are plotted in Figuree 1 
and 2* 
Chwiiioal,,, analysla 
Qoalitotiirat Qnalitative analyaia was earried oat for ell the 8 aaaqples 
and it was found that each aacapie contains re(in) and P(^« For thia 
analyaie« a aiooll atnoont of aaisple was dissolved in ofmoentrated nitrio 
aoid* Esoesa of aoid vaa avs^orated to dryness then it ime diluted 
with vatar* fhe ohove eolation «as diirided into two part at to the 
first part potassiuta ferroi^anida vas added and a deep hltie preeipitate 
vas ohtained lAioh oonfimed the preaenoe of Fa (III)* To the seoond 
part of the elation nitrio acid and hot aaKsoaitisi nolj^date solutions 
ware addedf a oaneiy yalloir precipitate oonfixmed the presenee of 
phosphate* 
QoantitatiTsi For this analysis fiwe hundred ailigraas of the well 
powdered Material was dissolirad in io «1 of hot concentrated h^droehlorie 
acid. Ferrio was estisnted wolu«etrically hy the usual iodo«netrio 
titration and phosplioroiis psntaaida hy aMaoaitiBi phosphooolybdate 
preeipitation» followed by the neutralisation titration. The results 
for senile Hos«if %t 5 and 6 are tiv«B ^ Table 3* 
Chesiiaal stabilityt To deteraiae the solubility of the Material o«5c af 
4 1 
2 5 0 0 0 -
o 
z 
o 
< 
UJ 
Q: 
z 
D 
Q: 
t— in 
z 
2 4 0 0 0 -
2 3 0 0 0 -
2 2 0 0 0 
NITRATE (ml) 
FIG. I HIGH FREQUENCY TITRATION OF 
AMMONIUM DIHYDROGEN PHOSPHATE 
O . I M ( 2 m l ) WITH FERRIC NITRATE O.IM 
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8 12 16 
EERRIC NITRATE (ml) 
2 0 24 
FIG.2 CONDUCTOMETR(C TfTRATfON OF 
AMMONIUM DIHYDROGEN PHOSPHATE 
O.IM WITH FERRIC NITRATE O.I M 
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tii« «xoliiiii||«r in a^  foftt wa« •li«k«it iritti 50 ai of the tfoliiticn 
oonoemta at 30 ^ i C» Af««r 6 Itoiira oguiXibritnB the «iip«nuit«iit 
liquid «a6 rflaoved and aoalysad for piiospiiatv and farrio. Th9 ptiosj^ate 
analyst • was parfomad apeotropbotofflotriealljr tiaiiig the isolyDdovaiiado 
phoapliorio odd laettiod (14) ood the ooalyeia of ferric was also 
perfonaed speotrof^toiretrio&liy iisln^ tho potassiiaa cyanide»pota8siu8i 
ferrooyaatde reagent oteth^ (iS). 1%@ restilts are siuiiBarieed in 
Table 5* 
tABhB 3 
• •'^"" I 'I ' ' I ' "" 
Solum lity of In nttrto aoid In aoetio aoid In water 
pH i pH 5, pB 6te 
(•gs/50 ol) <iig8/50 »1) (ngs/50 ail) 
fa 0.080 0.000 0*000 
P 0*U8 0«436 0.960 
loi»-'e«ehttHge poteatle—trie titrationat Potentiovetrie titrations on 
0*5 c of tarrla phosphate aaaple tiavlag total volfioo 50 mi with 0*1 n 
solatloHs of lithltia hydroxidst sodlmi hydroxlde» potasslm hydroxide 
and avMitiini hydroxide were perfomed W the aethod of fepp end 
Pepper (16)« In oase of added salt tltratiunSf 0*1 M solutions of 
salts of the aheve Mentioned alkalies were added* Ihe pH of the 
soltttloo after shaking with the reaetions nixture for 4 hours was aotsd. 
4 4 
lO 2 0 3 0 4 0 SO 
VOLUME OF 0.1 M BASE (ml) 
FIG3»3H TfTRAKON OFFERRfC PHOSPHATE 
(SAMPLE 1) WfTH ADDED SALT METHOD 
45 
UJ 
< 
I 
TL 
U) 
O 
X 
a 
to 
u 
< 
< 
7?^ cr UJ 
Q: Q: 
Ui UJ 
u. u. 
t UJ 
I - -J 
JD. ^ 
tS5 
4 0 
fbn r««ttlit witb pur« Dato are glT«ti in Pigur« k ana tbat vltb added 
•alt In Fignre 5* 
Heat treatment t Sample i «a« dried at differwt teaperaturea in a 
nufflo fumaoe for 2 hotura and tlie ion ezebange oapaoity for Na^ (t^mt) 
vaa 0«77f 0*60t 0»38| 0«2e, 0*07 nnd 0«00 »e<|/g for tlie products dried 
at ftS^f too*, 200*, 300*» 400^ and 600*0 reapeotively, ^ © resnita are 
plotted in Figure 8, 
Reoyelisaticaat negenoration of i g of ttia sample i vas perforaed for 
five tiiBea« fhe ion excbaiige oapaoity for i^'^  (i«0H) after eaob oyole 
v&B found to be i*28| i«S4| 1*20, i»i6 Qca i«ii meq/^ rospeotively* 
fhe results arc presents in Figure S* 
Hydrolysist llydrolysis of sasoples t^ 4, ^ and 6 was studied by talcing 
0*5 @ of tbe ion exchanger in tbe bydrolysis apparatus (?is@er*@ 
method) (i?) with glass wool support and witb oonstant stirring, Tbe 
flow rate of tbe effluent ims 6*0 drops per lainute* Effluent was 
titrated witb sodium bydrosUde (0»0iM) in io ml fractions until tbe 
pH approached tbe value of pure water, Tbe results are sommariaed in 
Table 6» 
Pistribution ooeffieicntsi Tbe distribution studies were earried out 
for 27 metal ions by tbe bat^ process in tbe usual manner (iS) after 
attaining equilibrium by sbakiuf; tbe metal ion solution with tbe 
exobaager beads for 6 bonrs at room teaperaturo (30 4^  i C}« Tbe Kd 
values for metal ieas were ealoulated by using tbe following axpressiens; 
(for tbe aasss where tbe detenrtnatica of tbe metal ion was feasible 
4 7 
1.3 i 
1.) 
e 0.9 
< 
< 
U 
UJ 
O 
z 
< 
I 
u 
UJ 
2 0.3 
o 
0.7 
0.5 
0.2 -
f 
X -L X J 
If in IV V 
NUMBER OF CYCLES 
FfG.5 PLOT OF ION-EXCHANGE CAPACITY 
AGAINST NUMBER OF REGENERATION CYCLES 
n 
ill pr*9moe of PO4 ) 
K& 
wliere X i s tli« voltmie of EDfA otmntmoA 1»y tbe original oolutioa ana F 
i« the voiisBo of EDTA ooasuffiod After 0QtiiUI>riun» T2ie total volume of 
tlie soltition i s SO lal ema tho Offlomit of esobaiigoiiiided i s 0»5g» ^0^"^$ 
Vo^*t Ca*** and Co^* eould not b© dotonaineil by EOTA titrations. Th© 
fmiB 6 
imjIiOLTfSIS OP PEBaiC HIOSPOATE 
Volume of 
efflitcsat 
i o 
ao 
30 
m 
50 
60 
70 
80 
90 
ioo 
i '"" ' 
Saiq^le i 
in 11* form 
(ml) 
tm 
O.i 
0,1 
oa 
o . i 
o»i 
o . i 
o*i 
mm 
«» 
Voltaae 
Salable h 
of HaOQ (0.011!) UB(6A for 
in }i^ foni 
i*50 
1.75 
1.75 
1*75 
1.75 
1.75 
1*75^  
1.50 
1.50 
1.50 
• i - -
Sample 5 
in n* for» 
(«i ) 
0 .3 
OA 
0.7 
0.7 
0.7 
0.5 
0.5 
0.5 
0.5 
0.5 
Sample 6 
in U* for© 
(ml) 
0.40 
0.40 
0,30 
0,30 
0.25 
0.25 
0*20 
0.15 
0.13 
0.15 
Sample 1 
in n^^ fora 
(isl 
aar 
1.10 
-
0.60 
0.1% 
0,07 
0,07 
0.05 
0.05 
0.05 
aneiint of tlieoe aetal lone preeent in tn« solution in i t ia l ly and after 
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•QQilibrliia v«re aot«miiioA by tp^otvo^ottmstvy, nranlaa and vaaaditss 
««r« ••tlfliat«d 1»y peroixld* sttthoa* CaloiuBi was Aatexninod using fmxrwt<^^ 
80 th^ ooSour d«ir»2opifig reogeiit* Ttie •stisati.fti of Co '^  «av pvrffymsd 
l»3r noting the Absoftyoiiee of gr«Mi oolour Aoveiopod in eoneentratod 
hydrooblorio acid {sediins at f%25 tg^i* Vtio remilt^ aro ev:mmxiz«& in 
7a!>l@ 7. 
Bfetal 
ions 
Ba 
Sr®* 
Ca^* 
En^* 
Cu®* 
Ni^* 
HgS* 
Pb2* 
c»* 
vo"* 
uo«* 
Al'* 
©a'* 
m (« i /g ) '.^^^j 
Aoetio aoi^ at Hltrio ttolfl ot **** 
pH 3 pB i 
30*00 
&0.00 
1&«00 
i8«S0 
24*40 
33*50 
S2*50 
i91*03 
iO*30 
560.50 
33#30 
60*00 
86*60 
359.tO 
i 4 . 5 
i 5 . 4 
12*0 
18*0 
i7*0 
25*0 
i7*0 
164*6 
10*0 
592.3 
68*& 
98*4 
19.0 
300*0 
8B?* 
»ipj'* 
iar^* 
Ho3^ 
fb^^ 
i;u5* 
1^3* 
I^^* 
G«3* 
r** 
m^* 
fn?* 
M 4 * Ca 
f" m (ol/s) 
Aoetlo aoifl ct tlltrio aoia at 
i0 3 pn 1 
93.7 , 
7<»*0 
36«2 
70*0 
840*0 
270*0 
6*6 
149*0 
280*0 
132*5 
220*0 
330.0 
135.3 
94*i 
5B6*6 
68*7 
30*0 
240*0 
362*5 
6*7 
B€i0n 
820*0 
93.0 
820*0 
330.0 
166*6 
• 5 '1 
»* 8kg^ai«|ionti For •tparation «ttiai«t| 2 g of forrlo pliospliatt In H fom 
^.jtn . 8 1 . . . o o t a - 30 « 1« Mm » a Of « i » . t « 0.69 «- . « « . 
regfitieratod with nitr ie aoid (1»01T) aad vatfbod with DMV until tti« eitiont 
was neutral* Ttie rate of flow in a l l eepamticma was 0«9 «l/iBin« flie 
aoparaticm of tttoeo axotal iono was triod for vtiioti the aoparatton 
factor was c*'®®*®^ ? tlian G» flie ©loonte w<?r© wat@r| nltrlo aoi« and 
aoetio aoid* Tbo io|K»i'taat separations a<^ieTed are represented in 
Figtix^es 6 and 7* 
OseidatiOB properti^es fo stud^ tlie oxidation propertiee* ^«^ grannies 
of forrio t^ost^ato sasiple Ko»i in 0^ fora were treatea t^ iHi imriotis 
Xoterer oagidr.tlOii s^ute spooles im& VJQ colour oS^ngo wae noted* fbo 
results arc 8Uffi»ari8e<3 in fa^le 8« 
fACLE 0 
Sl«No« Stitistanoe 
added 
Ittitiiil 
oolomr of 
solution 
Oolonr of 
soluti<m after 
the reset ion 
Probable eolonr 
ehiQEifie due to 
i* 
8. 
3. 
h. 
5. 
« • 
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nS|%%} 
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m d i i ) 
iZ 
• IWil HiilHMUMllH 
UJ 
/ 
m 
O 
Z 
T. 
"^ 
«^  
X 
a. 
> ) 
^ 
X 
o 
o U 
X 
o 
"*-^  
ro 
X 
^> 
• 
^ 
+ 
X) 
CL 
f 
< 
f 1 
O 
^ 
1 
q 
r» 
1 
0 
nj 
+ 
CM 
o> I 
1 
Q 
CM 
O 
o 
O 
00 
O 
O 
-^ 
o 
fV 
O 
2 
_J 
Z 
OJ 
•o 
-J 
u. 
LL UJ
O 
I 
+ 
eg 
Z 
o 
z 
< 
CM 
UJ 
QL 2 
< 
t/1 
^ U J 
I-
J < + I 
eg a 
X O 
u. X 
O CL 
t/> O 
UJ 
U. 
U. 
O 
< 
< 
0. 
UJ (n 
iA z 
> 5 
CD 
NO 
6 
z 
o 
(|W) V i 0 3 IN £_OIX2 dO 3lNmOA 
tJ L» 
1 
« - K 
O 
Z 
X 
r -
> 
-^t 
X 
O 
O 
u 
X 
u 
m 
T 
I 
r 
^ 
' 1 
m 
_ J 
1 
+ 
1 
^ 
— 
O 
QD 
O 
O 
\r 
O 
<M 
O 
o 
o 
O 
'^ 
o 
<M 
^'•^ 
_ 
^ 
2 
3 
o 
> 
1-
z UJ 
3 
-1 
U. 
UL 
UJ 
+ 
CO 
> • 
z5 < < 
= } 
Ui UJ 
• ^ 
-•o 
u. X 
O Q -
in U 
Soc OS 1 - UJ 
OCu. 
20 
UJ 10 
^ z > 1 
^ z 
.o 
1^ 
o 
u. 
o 
CO 
p 
ri 
(|Ui) V i a 3 IN £_OlX3 dO 3l^fnOA 
53 
O Z S C U S S I O K 
Perrlo pbosj^ate possesses oation oacohsago oapacityi r«atoiia1)le 
stal}ility aad differential seloetivity for variotie metal ions end 
lieiuso omi t}0 used for oisalytioally iiaptirtaot soparatiiiaa* 
Tbo r«8Dite Of ion oxoluiBgo oapaei% tm£i ooia^sitioii of irmrloua 
•apploa of forrio pbospliate arc prosentea in Table 3» In order to find 
i t s woxlcing oapaoii^ as an ion oxdianger the oapacity vast determined for 
9&m ts^ mo and divalont oatlona also on sasiplo llo*i» Vw resulte are 
givcii in 'i^ abio 4« Ion i^c<dian@e oapaoil^ depends upun liydrated radii of 
tixe !:sctal ions in tlic &mm group« ¥e tiatro need tlie eqnilibritus in tbe 
solntioa phase fstiere b;<rdrated radii plays an ie^ortont ^tol^* fhe plots 
of tim taiohange oapaoity againet itmio radii of the netal ione of 
alkali laetal group and alkaline earth instal group are straight lines 
(Fig#9) i^ioh reveals that ion eatohange oapaoity deoreases as the 
hydrated radii inereasea in the same groap* The resnlte for nn^ are not 
eonsidered beeause the ini t ia l piz value of KH^ NO« solutieo teJces as 
elti«at was k*5 whieh was eoasiderably lees then the pll valne of the rest 
of the eluent solutions having in i t ia l pB value ^ 7 * 
the studies on stabiiitgr deteiwinatioBs revealed that re(ZII) 
i s not dissolved im wster and aestie aoid utiile a slight dissolution 
(0»0d0 scs of Pe/50 al) ooeur in o*iM nitrie aoid* iioirever, phosphate 
dissolved to a greater extent than iron* Phosphate dissolved was 
o*%i8, 0*k%t 0*960 1^ of P/50 al in mo^ (pH i ) , CH c^omi (pB 5} and 
water (pB 6*8) idiieh shows thst as the pB of the solution inereasss 
5 4 
tiMi dlMoliition of ptiosfiiat* also iiiaf«a»fi9* fliMo r««a].t« are In 
«gr«oiwiit witti tliose of yoiSSf and VXSSOIS (17)* Bopeatud ioa oxeliaiigo 
ooaatirflneiito for K* ion (KRQ.* IM) ^vos ttio ion exebange oai^aoity 
t»2Bf i*2%f itSO, i«iC> and f *11 eieq/is after I | XXf IXlf XV anil 7 eyelee. 
ftiaae results rovenJl tb&t a alight deereaso in ion oxobango oapaoity 
xm& oTJsorvc^  aftri the Vt?i oycl© aM this loss of 08;>ccity i« fine to 
bydrolysie on^ aieaoitrtion of ^ o a i ^ t o t 
flio potontiosietrio t itrations resuite plottod in Fignroa 3 and 4 
for different ailcalica and alkali salts indicate that forrio s^osphate 
Dehcvca ao & uaai: aoid* ftio abaiio of tha ottnros Is s^xaoif^t ditturbed 
by addition of @al&a« 
flio offeot of heat on forrio pbosptiate ^aa sttidickl hy drying 
sassplo i at differacit toa^eratnroa in a seiffle furaaee for 2 hoars 
«>d tl.e ion MOl.'^w <npaolty lor Ha* (tl! BaHOg) »os a . te» lB.d . The 
oapaeities were 0«77* 0«60t 0»78» 0»S8| 0*07 ana 0*00 sieq/g for tho 
prodoeta dried at 45 $ iOO t 800% 300 » 400 and 600 C reapeotively. 
Th^e reatilts indioato tMt the ion exebange oapaoity of this oaterial 
deereases as the drying tonperature i s inoreaeed. A plot of ion exohaage 
eapaoity against square root of te^E>erature on eentigrade soalo (Fig,8) 
i s a straight l ine. Diore seeaM no theoretienl hasis for this relation. 
Hie results of hydrolysis (Tahlo 6) reveal that a l l the staples nndergo 
hydrolysis vhen treated with water at pit 6«8» However, saaiple 1 
oadergoes th« least hydrolysis. Heaoe sasiple i was studied in details* 
OB ths hasis of the aolar ratio of Fe*^ t^Fo2* (it2) detendnsd 
W i^esieal analysis and predioted hy high fre<iiieney« eondaetoaetrie 
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titrstlon ftM le«0ping ia wdnA tlie r«tifltolaiiQe of f«rrlie pbotfiliftt* 
to plHMiphat** of «r** (6K fb** (19), Co** (9) and fi** (7) 1» 
M(HPOj^ )Q*iingO (iHioro M is tlio eorroapoiiaiiis notal ion), a t^itativo 
tonmla of forrio idioapliato oaa l>« pro|ioaod as Fon(npo^ )Q»iiBgO» 
mm anal^toal iniiortaxioe of foftrio i^oaidiate oaxi he dtodneed 
from itio rofltilts of M valtaea (fal>lo 7)« On tim tiasie of m vaiuoa in 
nitrio aoi4 (i^ i ) ana aoetie aoia (pi! 3), tiio oeloetivity so^i^oo for 
soffio notal ions on ferrio pbospHate vaa fotmO to t)o an follows. 
At pB i«0 
Co2*>l^*>Ei^*>T»r^*>6a5*N>^34.^ca5^ . Kd3*>Ce** • 
!%^*> cc§* )>SB5^ * « ir5* > la^* > Er^ * • w^*y iro3*> sii2*> Ai3t> 
At pB 3*0 
Pr3* > Co2*> Ga5*> 7115* N, ^ • N , ^^3* y ^d^* « Na3'^ > P& *^> «3r3*> 
Co**> Y 5 * > &t5*> Et^" > Ko5* > u o f > S i2*> TO^* > Sa^*^ AX^*)^ 
C«^*>IIt®*> Sr^*> 8»i**> Ca2*> » 2 * > 1.1,3*, 
Tho separation faotors trsro definod as the ratio of M valuss. 
on tbs basis of tlw ssparation faotor grsatsr tban 6, tbe antioipatsd 
ssparatioas w»rs aoMsvAd (Fiis*6»7)« fbese separations are quanti* 
tative as is elear fron Table 9* 
5S 
fABtg 9 
SBVAmTims m WEBRW moBmn'SE (sAmu: i ) coi.fj7iNs 
T 
Separation Elucsita Anoimt ^nror 
of 
axciiau-> 
Voluaia AMtmt of 
of aff- eaticma 
Its^ot •". t ' ' (»1) Loaded Ueeth' ger ia {vtg} voraS eiia 
(ag) oolunit 
(g) 
m^* - pfe^ * s* 
^2* 
- ^ 5 (C^jCOOH) 4iO 
o • 
141^ * - EH"'* U?^ - pII5 (CHjCOmi) 
Sr^* - 1 ^ * sr^* • mm 
m 
70 
%o 
50 
30 
30 
20 
30 
160% 
6000 
860 
210 
65S 
379 
876 
1778 
159* 
6008 
876 
212 
658 
378 
882 
179^ 
2«0 
-
2*0 
. 
2«0 
• • 
2*0 
«• 
•0*62 
0.00 
•HCJ,%5 
•0,95 
•0,30 
0*00 
•0.67 
•0*78 
DMV m DandBMrallaad watar 
5,9 
lti« t^airttttoii of Bg(TX) AHA Vbitl) i« important liteftuse botli 
artt li«8V3r aetal* ma H><IX) i t oftoa found a» an tnpvtrity with I!g(ll)« 
The a^paratios ef iu(!ZI) em& Btt(n;) fta of analytteal iispoirtaooa 
tiaoanae hoth ar« lantbaniaea end liave alnilar pro|»erti«a« 
Tiaaera (SO) raportad ttiat C«(XV) {dioaphate in oontaot witb a 
aangaoesadl) aolniicttt ebaaged twtm brigtit yallow to ne&rly blaolc* 
!nie aaatts^tion vaa »aila tbftt tbo fi^ttigfmeae cac&isagc^  witli ttie protona 
<m ttic aolidf ond tben vaa oxidised to a siata tii^her ttian two, Tfoo 
titaot Gsidation stato ims not dotc^ rffiiit^  booattge of anal^tioai probloata, 
bot io aasijstcd to bo tliree« 
Tbo aaso bdliairio»r of eleotrtm transfer was ahoim by Fa (HI) 
l^a i^to aasrple Ho«i in B** forra* It was obaeirvea tliat wben tbo 
gi«nnlo& of Pa(1X1) pboapbate were put into tbo aoXuticm of Co(XXX) 
aitratOf first of aXX oscobaago of Ca(XXX) ta^ea pXaee for li^ icmoy 
tban tbo Ca(XXX) is oonvartad to Ce(XV) by giwing an oXootron to 
Fa(XIX)» fbia ia ocmfiraad by tbo oban o^ of ooloar of tbe aolation 
and tba graaolaa fron wbita to brigbt yellow* Xn tbia prooaaa tbe 
elaetrieal ae»trally ia intamalXy aaiatainad and tbe bydro(aa ion 
ralaaae ia only prq^rtionaX to tbe aw lea of oeriun exobangad* llio 
prooaaa my be deaoribed by tbe following eqaationi 
Fa"%(HPOj^ )g • Ca"^ ^^sH*^**^*^ ra"3««"^<»^%)2 * 5"* 
Pleetron traaafar atep 
Pa'^Ca^^(WJ^)g 
(Brigbt yellow oeleur) 
6.1 
mi* sMbanitii i« eoafirawl \rf tii« oleotron traii«t«r rtaetion* 
oMeiTtdl (Table 8) vlth sone netftl ioii8 (in tlie iow«r iralcnoy •tat«>« 
Tti«« ti(IXI) eliecges te 'riC!¥)f oad the violet ooloor of solution 
AooolouriSM* Siollorly Cu(t) aaA l&i(IX) oonvort to tite Cu(ll) and 
HftdXX) atatos* fir(XXI) eliangeo to oltroisatot in ttits aaso o!iroiBitia(X2X) 
is f irst oxoiiangad on tlie graatilos ana then oxidiaoH to the anionic 
speeioa ena roloaseil to tho aolntion* In tlie ease wiien tfia foirio 
I^oaiiliate ©ranaloe are ooutacted tritti on it^ido solution snc^ as 
potassitna iodlde» an ieeiediate release of l^rogon ion oocurs proljably 
as the resolt of potassium exclkange* ^ore ie also an ioKi^iate 
release of triiodide ion to the aqnooos solt2tiQn» 
file change in the oxidation mmSier of Fo(XXX) to feClX} in this 
reaotion i s oonfinsed hy the eaci^riiaent givim helcmt 
Grannies of ferrio * 
phosidiate 
Grannies of ferrie * 
shosi>h«te treated with 
lower eacidatiiMi state 
speeies 
Ki,Cre(CM)g) 
Qranules heciMies ^rk bine 
No aolour 
This iadieatea that the grannies of ferrio pi^osphate gave bine eolonr 
with i^re(caf)^ dne to the presenee of re(XXI} and if ferrio phespliate 
is treated with amy lower oxidation state speoies vis*» 9ii(ll) and 
then treated with K^Fe(CN)^ no bine oolour was obserred due to the 
absenee of re(XXX) whieh ehaages to re(ix)* 
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Pr«8a Lta«t c)xford (t9@6). 
3» H.P, Walton I Anal»cm«Bi«i Ii2» 86 H (1970)* 
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17* i^ *x« lATtoB mm i>*n« Tlii8Qr»9 J»ftoy>»Cto«Bi>f €%# 173^ ( i f io)* 
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C 0 A P 1* E U - 111 
INOaGANIC ION EXamNGm PERBIC PHOSWIATE AS INJJICATOE IH 
TEE DEf EmilNATICai OP i:nOEli;H IN PRES©JCy <a' HAHC EAimiS 
There are a itaial>«r of available t l tr ioetrio oetbode for ftie 
detemifiatioii of tboriiira tuiing different typee of indioatore* fhoriuia 
tiae been titrated vitb nitrilotriaoetio aoid using tl-idbtqaisribi^ issdsiydro* 
xaciio aoid and catediol violet ae indioatore ( i)* l^ iorexlde was used as 
indioator la Tti«!l}TA titration (8)* Tbm titratiim of besaoyanoferiate 
(II) and oxalate with thoritisi ioa using adsorption indioator has also 
been reportedi <3)* 
H« Qareshi end eo-woricers C^ ) used resin beads as indioatore in 
red<m and preoipitatiim titrations of metal ions* Ferrio phospliate 
inorgaaie ion exchanger (5) was prepared in these laboratories and the 
grannies of the saae exehanger aan be used as indioator in the deteraina* 
tion of thorioB in lower oono^it rat ions using potassioai ferroeyanide as 
titrant* These titrations when earried out in pure solution of thoriua 
and also in pressnee of rare earths are oo^parably better in aoouraoy 
than 03TA titrations* Addition of large anount of interfering ions 
does not effeet the t itration. 
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Rtagantii F«rrio iiitrat« (Bue) and aanoniua dtliydrogeii pbotptiate (mm) 
Pcrtaaaina fgrrooyanidftt 9li« trUiydrate gait was pulvarisad and driea 
at too C for one Hour* A 0«05 f! ferrooyaniae aointioii «a» proporaa by 
exact weighing of ttio anhjrflroua salt and t g of aodino oaTbonato «ae 
adde^ pew l itre of solution* 
Thorina nits«to eolations ^oritia nitrate eolation wae propared in 
doitincralissea water and etendarisea witli CDfA (6)» 
All ottter solutions were prepared in water W direot weigtijbig 
of AnalaE n^ ade nitrate salts . 
Preparaticai of ferrio ptiosi^ate grannies i Ferrie p&tosi^te was preoi* 
pitated by nixing 0«i ^ ferrio nitrate and 0»i H aaMoninm diiiydrogen 
in the Hijeing ratio of lt2 at po i* On standing fcr 24 hoursy the 
preoipitate settled down* It was filtered offf washed first with water 
at preeipitation pl^ th«B with dwaineralised water at i^ 6* The prodnet 
was drisd in an ow«ti at 40 C« The arterial wae eonverted to the H l^ " 
treatment with i«OM nitrie aoid for 24 hours with osMisioaal shali^ itig 
and intsraittaat hanging the aeid. fhe produot was washed with water 
to reoove exeess ef aoid and dried at 40 C* Ferrie phosphate granules 
in R*^  fern were soaked for 24 hours in o.i M ferrie nitrate solution* 
Thsss graaulss wsre waehed with deaiaeralised water to wash the exeess 
of fsrrie nitrate* 
6 4 
R E S U L T S 
Proceaoret To tbo saaplo •olutlon (5 ntt) eoataiiilng tborlua (0*725 • 
11*692 m)f 5 ml of i n o i t r io acta ana 3«^ ferr ie pbosi^ato granules 
in Pe^^ * fona vara aaaad. Tbe aolntion was t i t r a t ed witli potadsiura 
fetrooyaniae froa a Qiorobtiratte* Naar tbe ana point tlie aointion «a8 
vigorously fallen af ter tba addition of aaeb drop* A sbarp otiange of 
colour from i ^ i to to tiltio on tUc graaulea appeared at m^ point* The 
resul ts of detaiiBination of diffaront anomits of ttioriuis (in absence of 
iispuritias) are aaanariBSd in Table iOf and ttte resul t s in presence of 
ic|>urltles are Bmxmrisi&a^ in Tablo i i * 
vmiM iO 
RKTEIC'IINATION Of TROI?IVH (E? AilisHJOr OF BtPaU'i i I :H) 
i-i>i-in-ii'>rr-r 4A>d^ v '- •• -^ 
/yoount of inboriusi 
(ttg) 
Taken Fomd 
Error 
m 
•HA ' dMNK •^.rm-mm-^-^tm 
0*785 0.723 •0*875 
i*%50 i*%J|9 -0*137 
2.900 2,900 0.000 
5»80i 5*808 ^0*180 
ii*(502 il*i;26 •0*206 
TABLE i t 
OEfiE^ oRATiON w moMtM m mEsmcE or EARE CABTUS 
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as tw^txritten (mg) 
&*m3 tM(Ul) 
13,890 l a i l l l ) 
20»835 l a ( I I I ) 
34.725 i a < I I l ) 
mA50 l a ( m ) 
S»S23 ¥ ( I I I ) 
'«.%46 Y(I I I ) 
8.892 y ( n i ) 
17.78% Y ( l l l ) 
%.122 BodXX) 
a.2%5 IfoClZI) 
3.931 oa( iJjr) 
7«S68 6d(XXX) 
3.799 Bu(ZII) 
7*398 EiiCXXX} 
3«758 Si i (nx) 
7*917 fiteCXXZ) 
3*5ia P r ( n i ) 
7.0%5 Pr<III) 
Thorivm 
falcon 
11.602 
S*80l 
0.9{H> 
It^SO 
0*703 
11.^08 
3»Q01 
Q*mm 
1»%30 
11.€02 
S.900 
11.602 
2*900 
1 1 . ^ 2 
2.900 
11*602 
2*900 
H.OOlf 
2.900 
( « « ) 
Foiffid 
11*593 
3*S12 
0.<K)7 
l.%35 
0.728 
11.596 
5*806 
0.90% 
1*%53 
1 1 * 5 ^ 
£1.900 
11.600 
2*899 
11*596 
2.900 
11.602 
2.902 
11*595 
2.900 
i •"" ' ' 
DPJtor 
•0.060 
•0.189 
40.241 
•0.3*% 
-^O.MS 
-4) .031 
•0.086 
*0.137 
«^0.2a6 
-0.03% 
0.000 
-0.017 
-0.03% 
-0.051 
0.000 
0.000 
•0.068 
-0*060 
0.000 
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Eff«et <if »o«« otli«r i<m» la tb^orimi d»t»r«liiftttont fo i ad of 0.05 M 
thorium nitrato eolation the following were ad e^d to ttio Quantities 
given in paronttiosoa* Ho intorforoneo tn aotoivination ot tiiorimti 
wag notiotd wHon ffg^ * (8f lag), Ca^ * (23 iag)f Sr (%0 lag), Ba^ * (ito wg), 
^^l (SO m)* ^ * (30<> m) ana Al^* <iOO fflg) iror© add«a« ^loride, 
por^loratot fitilpbato and o&loriao So not interfere i^ilo tbiostilpliate^ 
eolphatGy fluoride and ttilooroaote tntorforo* 
1' *7 
D I S O i ' S S X O N 
In the a«teralnatiofi of ihorirai in puro tolutiott sad in 
proseooe of ntro earttis tlie proposod notliod i s ottperlor to tit« otiier 
aetbods involving fb-IDTA* ftie peroentiise orror van found to bo ^ 0«9 
for n fltttglo obsorv&ticm. 
91ic 1190 of oold inore^se tlio aocuftioy of tlio awtliod boeause 
«.'»* t » «.«orga.. „t.n8t»» l.,<l«ly.I. in «,«««.. » l» i ioa . . t m 
bigber than 3§ preaenoo of aoid eboofies tbo hfOrolyaiB of metal iona on 
the addition of potaseiuia ferroegranide* 
.fit A 
Ihe method ie based on the foot that nMen all the Th icni 
baa been preoipitoted a ali#t esoesa of potaeaitm ferroi^anide givea 
a sharp oolour dbiange to the grannies fr<» irtiite to blue due to the 
fonsation of pmasion blue* As the rare earths used do not fern 
preeipitates of their ferroes'^ anidesi under these o(mditionS| th«y do 
not interfere* The intwasity of the bine oolour inoroases when these 
graaoles were soaked oveminht in ferrlo nitrate solution* 
file asthod is partieularly useful in dilute soluticms where 
the preeipitates are net so dense and oare iRtst be taken that no drop 
•f titrant ahould fall en the indioator granules direetly* 
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B E P E E E N C E S 
2 . P, Bmgal ona A.E» D«y, falanta, iO» tJ15 (4963)* 
3# P»S« Bi«)ay ana I^K. •fanaoa, Ualagta« l^* ^^^ (i9f»6>. 
5* «J»P# Raimi oaQ l»»8« Tlii&a* Caii»a«C3Jc*ti, (Ba press ) . 
r>, C.>!. ae i l ly , R«y, Soliaia ana F.B» 8aae&» «y»Clici5»mim», ^ , S55 (195^;). 
KIStTXCS W lOa EXCHANGE IH TANTALCM 
AmmA'SE to I8II3EBSTAM& TBI mECmETZCAt 
ASPE(7FS OF ^ P A M T ZQtfS 
6^ * 
C II A P T E R - IV 
KXHEf ICS or im EXCHAKGE IN f AKTALtIM AESBNATE TO 
ONBi*ES^ AK» mp. TliFOnETICAL ASPECTS m SCPAiUTIOIIS 
me Btmtm in ttio field of inorganio ion«exoliatigere are 
toereasing day tiy day due to their eeleotiTity and etabiiity under 
oertain ooaditione* Preparation and propertiee of tlie ion exohangere 
of Birooniue^oej^ate type bavo been eetablisbed (t)* Analytical 
applieations in tlie field of 8Gparati<m eoienoe tiave been revieved by 
Inczedy (2) and Walton i3p^t3)» To understand tbe tbeoretioal aspects 
of ion«>exotiange separations it is essential to study tbe tbenaodynaiaies 
and the leinetios of this prooess* the kinetic studies on ion ezohangers 
were mainly started W Hachod and trood (^»7) systeraatieally* Their 
studies reve(«led that the exchange reactions were of second orderi 
biwileenlar and that the values could be calculated by using ooncentra* 
tidns instead of actiTities* ianetiee of ion exchange in the chelating 
resin Bie«-Chelex»iOO has bemi studied (8}« These authors studied the 
exiAange of alkaline earth sMtal ions on the resin in B'^ * fom* 
Nanoollas and Paterscm have described quantitative veasurenents upcA 
hydrous thoria and sireottiun phosphate usin?j linited bath eaoA infinite 
bath techniques (9)« Taataloa arsenate has reeently been synthesissd 
and used as ohevieally stabls exchanger (10) • The exchanger showed 
the reproducible bidiaviottr and hss boen used for the separation of rare-
earths. In the present report the kinetic studies for the exchange 
7 0 
Of Ag* f Mfc^ * • Ca^ * , Sr^ * y Ba^ * » Y-** and fh** on tantaltoa arafliiat« 
(TaAo) are doacrlliea. ftie values of aetivation mergios effective 
dlffoaion ooeffieientff an£! entropies of activation aro oelcttlateS* 
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B«ftg»nt»i Tantalum peatoxld^ (MBCi Znaia) etM aoaiua iuro<mate 
(K&ea«lt Gwraaay) nere used* Ail otber reagents ctseA were of analor 
28*iO g of tantalum pantcacldo was heated vitti 1^ 00 g of anracmias 
eolpbato in 200 s i of oonoentratod suli^urio aoia« The clear solution 
fms dllQtod to 590 al to otitaln a solntion f^loh «ras 0«1 ri wltH respect 
to tastaltsn* Sodium eJTOajat© (0*1 H) solution vaa prepared In 2 ?!• 
ttyiflrooblorlo aoia* 
Syntbosls of Tantaltim Arsenate! Soait^ aiwenato solution was M&e^l to 
tantalum p^satoslde solution slowly wltb constant stirrinr in the TacAs 
ratio of It'i* Boditm bySroxide solution nas ti^ sn adfloa <lrop«ri8c trntil 
tbe pn was sero* Tbe prscit'ltatt ^m& allowoa to set t le for 2% liours at 
roofi ten^eratiirof and was ttion wat^ ie^ several tiaes W deosntaticm witli 
water, filtered and dried, Tbe dried i^terial l^ rolce down into stmll 
partieles lAiea iaouirsed in «ater« Tbe escAianger vas thtm converted 
to tbe R^  «- fern tty treattsent with 2M»HM<]L for 24 hours. Finally i t 
was washed several tines with d««lnemlieed water axxSt dried in an 
incubator at *f> •. 1 C. 
Kinetic sieasnreaeatst Rates of exchange were laeasttred by li«ite<i bath 
teobai(ine« Tsntalus axvenate was ground well in ojnder to give particles 
of different Besh slse (50»290)* Solntions of cations (0*1 H) were 
taken in conical flasks with constant ionic strength in * i«0)« The 
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ttolutioBs ««r(» tben tirougtit to the d«8lr«d teoporfttur*. {^ea th* 
devirod teoperatttr^ was reaetoeA a uaifjiea aiaomit ot axoiiaasar was aAaad 
(0*2 g)t tbe flailea vare tborotigMjr aba^en* AjTtor approprlata tntenrala 
the eootants ot tbe flmnkm were f i l tered ctsltii; iftataaii lio^U f l i t or 
pap@Vm flio exportmimta mre e^^nmotoA a t 32 , 'iO i 50 tmfl 55 C with 
•^  4 C Tarlatioa, 
Analytloal i;^ttiodat Cation© S^ , fr** « Ca*^  ctsd r%" were Oeterialiied 
wltfi hMh tmixi^ rrlcliiowe blacl: T as loatcetor (11) i ^ l l o srttrlnsi ana 
tborlfua iiel&f: ^sylenol orange (IS) as Indicator* Cliirar ^as aatamlti^a 
spaotroi^ototaetrloclly (13) • 
R ij s c i/ f a 
Vli« r •«!»«• at a ftmotion of tia« ar« oaiouiateS ana 
corro»i»onding Bt iralties are given as bs^  Eieisticaibarg* fbo F and Oi 
.3* values for Ag^, :%"", Ca^*, Sr®*, Ba^*, Y^' ana lli"*'^  at flifferent 
tesi^eraturee are given in Tables iSf i3» i% ana i5« 
/3 
r AHD Bt VAtCES AS A FtSJCTICN OF mm mm DIPrOlENT CSA'4l<^ S AT 32 4^  i**C 
t f aeo 
SO 
«0 
60 
80 
ioo 
20 
40 
m 
80 
iOO 
i 2 0 
140 
F 
0*44 
0»66 
0 .79 
0 .85 
0 .90 
0*40 
o,5<$ 
0«(l( 
0 .73 
0 .78 
O.SS 
0 .89 
Bt 
* ^ B > 
0.222 
0.620 
1.073 
i . 4 0 4 
i*800 
0* 
ng^* - H* 
0.177 
0 .400 
o.^m) 
0*832 
1.088 
1.224 
1.404 
t» oeo 
fSjR^enge 
120 
140 
160 
180 
-
Sxehaiige 
160 
160 
200 
220 
840 
2 ^ 
• 
P 
0 .93 
0*99 
0 .97 
0 .99 
<m 
0 ,88 
0.9^> 
0 , 9 2 
0 .94 
0 .96 
0 .98 
«. 
Dt 
S.160 
S.500 
3.010 
4 .110 
• 
1.623 
1.800 
2 ,030 
2*320 
2 .720 
3 .410 
• 
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TABLi 12 (C<mtd«) 
t» 990 
80 
%0 
m 
m 
100 
180 
20 
40 
m 
so 
100 
80 
ko 
m 
80 
F 
0,92 
0»6r* 
0.75 
0*81 
0*85 
O«09 
0.54 
0,70 
0,82 
0.83 
0.90 
0.70 
o.«5 
0.90 
0.93 
8t 
0.532 
0.62O 
0.905 
1.174 
1.468 
1.710 
0.365 
0.734 
1.224 
1.623 
1.800 
0.734 
1.404 
1.800 
2.160 
•"--r 
B* 
fl^ 
H* 
f» 900 
Exetiangd 
140 
160 
180 
200 
220 
r^otmnge 
120 
140 
160 
lao 
woo 
Exelimis9 
100 
ISO 
140 
«• 
r 
0.92 
0.94 
0.96 
0.9S 
0.99 
0.92 
0.93 
0.95 
0.97 
0.99 
0.95 
0.97 
0.99 
. . 
fit 
8.030 
2.320 
2.70) 
3.410 
4.110 
8.030 
2.160 
2.500 
3.010 
4.110 
2.500 
3.010 
4.110 
» 
tmui 12 (Gonta*) 
/o 
i f 8«0 
t>>»mmmii^tmmmiMmimKitmmmi*iimm '*- ^>im'm*m i^tm 
Qt t . see 
ii xiiiiiwiiii immX'»''mm^' »k" ^t<t< •* T» •^t^.mm.immtm* 
D% 
ifl" ^ n* Batenaiige 
20 
40 
<K) 
80 
100 
120 
1 ^ 
£^ 
40 
60 
80 
100 
120 
140 
160 
ISO 
200 
220 
0*40 
0*51 
0*59 
0«68 
0,75 
0»81 
0 ,84 
0 .30 
©•43 
0,51 
0 .58 
0 ,63 
0 .68 
0#73 
0 ,77 
0,81 
0,84 
0 ,87 
0 .177 
0*316 
0*433 
0*675 
0*905 
1*171 
1.540 
0*093 
0*21iJ 
0*316 
0*43B 
0*545 
0*675 
0*83S 
0*985 
1*171 
1*340 
1.543 
160 
180 
200 
220 
240 
260 
2G0 
840 
260 
280 
300 
340 
360 
380 
400 
420 
«•> 
«. 
0*88 
0*91 
0*93 
0*95 
0 .97 
0.C8 
0*91^ 
0*89 
0*91 
0*92 
0*94 
0*95 
0*9'> 
0*97 
0*98 
0*99 
-
•v 
1,623 
1.910 
8*160 
2.500 
3*010 
3.410 
4,110 
1.710 
1.910 
2.030 
2«31M> 
2*500 
2*720 
3.010 
3*410 
4*110 
mm 
»m 
yf) 
TABLE 15 
F AS0 Bt VAMJllS AS A FrNCTlGK <F TIfffi FOE DIFFOilM" CATICKS AT 40 • i*C 
t f SAO 
« i | - . 
r 
1 ' •' 
Bt 
"•"T" 
t , 0eo 
""••r""'"* 
r 
Kii 31111 n 
" 1 " - * 
n« 
20 
40 
60 
80 
SO 
40 
60 
80 
ioo 
20 
40 
60 
m 
too 
90 
40 
0 .45 
0 .68 
0 ,79 
0*66 
0,42 
u,58 
0.71 
0 .80 
0.86 
0 .55 
0 .70 
0 .79 
0 .86 
0*90 
0 .58 
0.75 
A. "^ 
0.234 
o.r>75 
1.073 
1«468 
0*199 
0 .438 
0.765 
i . l 2 0 
1*468 
Cft -
0 .382 
0 .73* 
1»073 
1*468 
1.800 
8f^* -
0»438 
0.90? 
n* 
Jl^ 
H* 
H* 
Vxcheaag^ 
100 
ISO 
140 
160 
tlxchiiiige 
120 
140 
160 
180 
180 
140 
160 
180 
100 
120 
0.1)1 
0*94 
0 . 9 ^ 
0 .93 
0 .90 
0 .93 
0 .96 
0 .98 
«• 
0*93 
0 .95 
0 .97 
0 . 9 9 
0 .93 
0 .96 
1.910 
2.520 
2 .720 
3 .410 
1*800 
8*160 
P. 720 
3.410 
2*160 
2*500 
3.010 
4 .110 
2*160 
2»7tO 
77 
fABLs i ; (coatd.) 
t t *«o 
m 
80 
so 
%0 
60 
20 
m 
m 
do 
100 
120 
80 
^0 
<I0 
80 
100 
180 
l%n 
160 
F 
o»m 
0«90 
0.75 
0*80 
0 .92 
0.48 
0.5'i 
0 .63 
0.71 
0.7S 
0.S4 
0 .35 
0.4<5 
0.55 
0.63 
0.69 
0.7* 
0 .78 
0.82 
m 
1.340 
1.800 
0 . ^ 9 
1.4r»8 
2 .030 
0 .499 
o.3r,5 
0.5%5 
0.765 
1.029 
i«340 
0.115 
0,246 
0 .382 
0.545 
0.703 
0.862 
1.088 
1.284 
—ni 
n* 
0* 
a^  
t f aed 
140 
80 
100 
120 
140 
160 
180 
20u 
220 
l^etiaiig« 
180 
200 
220 
840 
260 
280 
300 
F 
0.9S 
0 .95 
0 .97 
0«99 
0 .69 
0 .92 
0 .94 
o.i^ » 
0*98 
•> 
0.85 
0 .88 
0 .91 
0 .93 
0.95 
0.97 
0 .99 
• 
Bt 
3.410 
«» 
2.500 
3 .010 
4 .110 
i.vio 
2.030 
2 .320 
i:.720 
3.410 
" 
1.404 
1.623 
1.910 
2.160 
2.500 
3«010 
4.110 
-
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F imD Bt VAmm AB A FOHCTIOU OP TIHE FOB DiFimc^T CAf imu AT 50 * i c 
""""" I' "' ' ' I" 
Bt t» 660 1^* tlOO m 
sa 
40 
60 
80 
BO 
40 
^ 
80 
too 
20 
40 
60 
80 
0*47 
0.70 
0,80 
0,09 
0#44 
0#^2 
0.78 
0.S8 
0.90 
0.56 
0.72 
0.80 
0.87 
Ag - i 
0.859 
0*754 
ifISO 
1.7iO 
0.222 
0.522 
1.075 
1.683 
1.800 
0.400 
0.798 
1.120 
1.545 
n' l^if^aoge 
1(K) 
120 
140 
120 
140 
160 
180 
100 
120 
140 
mf 
0.92 
0.95 
0.97 
«• 
0.95 
0.95 
0.97 
0.99 
<H> 
0.94 
0.96 
0.98 
mt 
2.050 
2.500 
3.010 
0.160 
2.500 
5.yio 
4.110 
>m 
3.520 
2.720 
5.410 
m> 
l ^ ^ i 
Aoc No. 
? T \ 4 a 3 j^l 
7f) 
TABle U (COBtd.) 
* f • • « p 
t 
Bt 
«..|p. 
t» 8«0 
• f"" 
r 
t 
Bt 
SiP *^ — R* Exebaiige 
80 
4lO 
60 
20 
^Q 
SO 
40 
60 
60 
100 
00 
40 
< ^ 
80 
ioo 
180 
140 
0 .58 
0«S0 
0.8?? 
0 ,78 
0 » ^ 
0 .47 
0 .59 
0 .67 
0.75 
0.81 
0.56 
0 .52 
0 .60 
o*m 
0.74 
0 .78 
0 .82 
0.438 
1.120 
1.469 
m®* -
* .Oiu.8 
1.600 
y5* • ; 
0.2f/J 
0 .458 
0.f?47 
n.<jo5 
1.171 
0.139 
0.332 
0.479 
0.675 
0.868 
1.088 
1.224 
80 
100 
4 * 
il''' Dicii®ag« 
m 
m 
u^ !:::9ccitaiige 
tZQ 
140 
im 
180 
200 
160 
180 
200 
820 
240 
2 ^ 
280 
0 .92 
0 .97 
«• 
0 .97 
0 .99 
0 .86 
0 .90 
0 .93 
0 .96 
0 .98 
0*85 
0 .68 
0 .90 
0 .92 
0 .94 
0 .96 
0 .98 
8 .030 
3#010 
« • 
3 .010 
4 .110 
1.468 
1.800 
2.160 
2,720 
3.410 
1.404 
1.623 
1.800 
2.030 
2.320 
2 .720 
3 .410 
S'> 
TABU) 15 
F AND Bt VAICFS AS A rCNCTlOH Or f IMB PCH »Ilft SRlSiT CATICWS AT 55 • i^'o 
t f 060 
20 
40 
60 
20 
40 
fO 
90 
80 
40 
60 
80 
40 
<$0 
F 
0,5C 
0*73 
0 ,83 
0 ,46 
o.(;5 
0*80 
0 .90 
0 .58 
0,75 
0*66 
0*68 
0«8i 
0*f l 
Bt 
Ag • 
0«33^ 
0*038 
1*280 
Ms 
0*246 
0*594 
1*120 
1*300 
Co^ ** -
0*438 
0*905 
1*468 
0*582 
1*171 
1*910 
- ~ r 
B^ 
n^ 
t f see 
^ei is i ige 
80 
100 
ISO 
100 
120 
140 
160 
li* ExeViange 
if 
80 
100 
180 
Exobaaga 
SO 
100 
«a> 
r 
0*91 
0*95 
0*98 
0*93 
0*95 
0*97 
0 .99 
0 .98 
Ornsa 
?>.98 
0*96 
0*98 
mm 
m 
1*910 
8#500 
3*410 
2*160 
2.500 
3 .010 
4 .110 
S.030 
8*780 
3#410 
8*780 
3.410 
• 
tABLE 15 (ConM.) 
SI 
mmmmmmmmmmmmmmiiimmt-m\\ Mmt,m0>mmimm\mmm0mmmmmmmf^<»*'t*m»\mmmm»mmmmmimm^ 
-^ 
ty seo r Bt tp «M F m 
loo o«^ 
mM»<i(HIKI|WHlHllllifl—il>4 » 
20 O.eo 1»120 60 0.97 3.010 
40 0.9t 1,910 80 O.l.!) 4 a i 0 
B | | 2 * . 
«  
 
y 3 * « 
0.316 
0»CA7 
UCQQ 
1*40^ 
1.8C0 
n"^  ExQhang« 
 
 
n'^ ' Exohan^e 
120 
140 
160 
too 
«» 
 
Qi,VO 
0.93 
0.95 
0.97 
0.9'J 
m» 
80 O.Si . ir>  .  0.160 
40 0.67 .647   8.500 
60 0.78 1, 08   3.010 
80 0.8S » 4 IBa '  4.110 
fh - H* tSxeliaiige 
DO 0.40 0,177 14C 0,90 1.800 
4n <;,3e n,458 160 0.92 2.030 
60 0.67 0.647 ISO 0.94 2.320 
80 0.75 0.905 £30 0,96 2.7S0 
100 0.82 1.224 220 0,98 3.410 
120 0.87 1.543 • - -
w H i i i i ' •—• i^iMim v w » ' . M i n i I I I . i i w m<m\% 'miiMmMmmm'><mmmmm>'mimmit<m'--»^'-<.mtmim'',,'miimt -"W**^—•» wi iwiiiW'.'wi'w •«WMIII>- I w m * , . - ^ UPI H w i w i i w mmm$m''^iitmit¥mtmmm*'m^m>i^<Mmtm>>mmmim 
f]i« r Taluoa tt» a funotloii of t l a e at AittTtsnt t«mp%rAtur9» 
ar« p],ott«4 la rigurtt 10» l i t ^ ' ^^^ ^3* 
Ifeia Bt valu«a • • m fuaotlim of t l a o are pleitod In Flfiiroo 14y 
8^ 
FIG. lO RATE OF EXCHANGE OF DIFFERENT 
CATIONS AT32 ^C ON TANTALUM ARSENATE 
83 
u. 0.6 -
AO 80 120 160 
tSec . 
20 0 2A0 280 
FIG. II RATE OF EXCHANGE OF DIFFERENT 
CATIONS AT 40«>C ON TANTALUM ARSENATE 
8 4 
FIG. 12 RATE OF EXCHANGE OF DIFFERENT 
CATIONS AT 50<»C ON TANTALUM ARSENATE 
85 
u. 
AO 80 12 0 
tSec. 
16 0 200 2^0 
F IG. I3 RATE OF EXCHANGE OF DIFFERENT 
CATIONS AT 55'' C ON TANTALUM ARSENATE 
8 6' 
4 . 0 
3.0 
£ 2.0 
I.O 
1 , 1 ,, 
r=1.05X10"^Cm 
1 J 1-., I 
4 0 8 0 I 2 0 f 6 0 2 0 0 2 4 0 
t Sec. 
FIG. 14 PLOTS OF Bt AGAINST TIME FOR Aq+ AT DIFFERENT 
TEMPERATURES USING TANTALUM ARSENATE 
87 
4.0 
CD 
FIG. 15 PLOT OF Bt AGAINSTTIME FOR Mq2*AT DIFFERENT 
TEMPERATURES USING TANTALUM ARSENATE 
8S 
4.0 
3.0 
s 2.0 
10 
• 
1 
r = 1.05X10'^ Cm 
1 1 1 1 ... 
4 0 8 0 120 
( tSec. ) 
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FIG.16 PLOT OF Bt AGAINST TIME FOR Ca^^AT DIFFERENT 
TEMPERATURES USING TANTALUM ARSENATE 
so 
CO m 2 . 0 -
4 0 8 0 I 2 0 I 6 0 
t Sec. 
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FIG. 17 PLOTS OFBt AGAINST TIME FOR Sr2+ANDTh4^AT DIFFERENT 
TEMPERATURES USfNG TANTALUM ARSENATE 
9 
FIG.I8 PLOTS OFBt AGAINSTTfME FOR Ba2*ANDY3"^ATDIFFERENT 
TEMPERATURES USING TANTALUM ARSENATE 
n 
4.0 
3.0 
O r=3.AX10"3Cm 
• r=4,A7X10"^Cm 
O r = 6.1XlO'^Cm 
4 r=\.05X10 
(D 2.0 
F IG. I9PLOTOF Dt AGAINST TIME FOR Mq2+USING DIFFEREN T 
PARTfCLE SfZE OF TANTALUM ARSENATE AT32«>C 
15t l^f 'I7f 19 And ^9« B valtto* oaloalated froiB iliM* p lo t s are given 
In fable lf», 
f ABL£ i 6 
B VALUES AS A PCNCl'ION OP TUiPIJlATtEi: ANB FAUTICLE BlZlJ 
—• 1 x"-» ZT^—:—zp zr 
Jfetal r 0« eee Oi a«e D« eeo 0 , soo 
***" « • -a* '40** 50* 55*^ 
Ag* 1»03 X 10*^ i.88 a 10*^ 1»93 a 10*^ S.O a tO"*^  8.26 a 10*^ 
1% *^ i ,05 a 40*^ 1.03 a 10"^ 1.45 « lo"^ 1.66 a 10*^ 2.00 a 10*^ 
V^* 6.10 a 10*^ 1.07 a lo*^ • - • 
«fg^* A.47 a 10"^ 1.22 a lo"*'^  - « « 
^2** 3.40 a 10"^ 1.4'i s 10*^ - - • 
Ca"'* 1,05 a lo"^ 1.38 a lo"*^ 1.76 a 10"*^  C.21 a 10*^ 2.50 a 10"^ 
8r^* 1.05 a 10*** 1.66 a lo'^ 2,21 a 10*"^  2,60 a lo"" 3,16 a 10*^ 
Bs^* 1.05 a 10*^ 2,66 a 10*^ 3,16 a lo"^ 4.93 x 10""^ ' 5.05 a 10"^ 
Y^ * l.v 5 a 10*" 9,50 a 10*^ 1.16 a 10*" 1»33 x 10*^ 1.75 a 10"" 
Til** 1.05 a 10""^  6.66 a 10*^ 8,33 a 10*^ 1,00 a 10*^ 1.21 a 10*^ 
r m neaa radius of f artlele 
nie effaot of partlele aiae on tiie iclaetloa of ion eaeliange for 
different eatione me perfonaed, TMe reenlta are glTen in fable 17* 
S3 
TABtB 17 
P ASiO Bt VALUES AS A PUNCTION Off PARf ICU. SI2E 
rOB J%^* - H* EXCHANQS; AT 32 ;* 1*C 
' ' "" I I ' I I" I 
i f s«o P Bt t» see V Bt 
ror part teU . 1 . . » 1.05 » 10'^ « • 
SO 
40 
60 
SO 
ioo 
180 
140 
20 
%0 
60 
80 
loo 
120 
30 
«0 
0.40 
0,56 
0«6(i 
0.73 
0,78 
0.8S 
0#89 
0«177 
0.400 
0«620 
0,832 
1*028 
1.S24 
1,404 
ror purtlole fil2« • 
0.42 
0*58 
0.67 
0,75 
0.81 
0,85 
0*199 
0,458 
0,r,47 
0,905 
1,171 
1.404 
For partlttl* «!«• • 
0.44 
0*60 
0,288 
0.479 
160 
180 
200 
220 
240 
260 
•Mr 
6,1 X 
140 
160 
180 
200 
220 
w 
4,47 X 
120 
140 
0,88 
0,90 
0,92 
0.94 
0.96 
0,98 
-
10*5 en 
0,89 
0.92 
0,94 
0,96 
0,98 
•• 
10"' em 
0,87 
0,90 
1,683 
1,800 
2,030 
2.320 
2,720 
3*410 
•» 
1.710 
2.030 
2,320 
2.760 
3,410 
-
1.543 
1.910 
O'j 
TABLE 17 (Cmitd.) 
t« 89C 
60 
80 
100 
SO 
^0 
m 
QO 
too 
P 
0.70 
0.78 
0.8? 
1 
Bt 
0,73<i 
1.028 
1«&80 
For particle siee » 
0,47 
0.64 
0*74 
0«8S 
0»87 
0,259 
0.569 
0*868 
1«S24 
1.543 
t, 860 
160 
180 
^ 0 
3»4 X lo' 
120 
140 
160 
180 
«• 
-y. 
-5 
P 
0,94 
0.96 
0.98 
00 
0.90 
0.93 
0.96 
0.98 
"-
'i 
Ot 
2.320 
0.720 
3.410 
1.800 
2.160 
2.720 
3.410 
«» 
H 
o s s c a s e x o N 
liy Boya ot«al, (14) and itiiproroa l)y fietcliciiT)erf, (15) w©rn tte«j?.« Tb© 
<ext0tit of reaoti<m (F) i s cotpreseed aat 
w « tHe aaotint of mL^mme ot tlato t 
the eamxmt of «^ < i^aii^ e at Infinite tiiM 
l^e tiite of ^oliaiige oaa h@ dtteriBlnoa liy tttreo dlfferont stepas 
(fi) Piti»ttole diffutioa 
(!)) LiQttid film diffusion 
(o) ^88 aetioxi* 
Tli« ooaftttioxis of tliefio experimentB were sot to stui^ ttio 
pairtioie dlffitsion oieohiinias) <mly« At tiie mto deter^ning step i8 
<liffu8ioti throuf^ ti the ion-exetianger partioloi the foliowing oqtiatioii* 
are Talia, 
,_ f:„p» 
F (• t • —-•••. ^ * i8am I •winiM 
^ 2 il«i \ 2 TT \ » 
uliara ^ ^ J^ »i/r^ 
r • raditts of tiia partiolo, Di « effootiira diffution ooaffioient of tha 
two iaiia imdargoiiig axobaaga vitliiii ttoa axohaagar. 
Valaaa of Bt as a fosotion of F »ay too oalottlated ao tabulated 
toy Raiehaiitoarg ( i5) . ma plot of Bt •araua t at foar diffaraat 
56 
tmpmmtur— for Ag*, Hg^*, Ca^*, Si^*» Ba^*, TT^ * and Th** ar« plott«d 
<Plg*14»18}* fiie«a ara atiBigtit Itnco passing tbrow.tt tba origin* Zt 
indioates that the rate aatensining atop ia aiffusion tlirough tbo 
partiole. 
The results of variatioo of partiole aiee of the exehangar are 
presented in Plgnre 19 in tewwi of plots of Bt voratis t for Wg • 'mesa 
plots indioato tliQt for larger partiole s i se tho rate i s slower ana ttio 
diffusion tbroai^ the partiole as the rate detersiinittg stap i s ludepmaent 
of partiole sise* 
enables the <mergies of aotivation (Ea) for the se l f diffusion of oatlcmsi 
to be oaloulated frosi the Arrheniotis equationt 
D • 0^ exp (- Ea / RT) 
fhe aetivation energy of the oation self diffusion process refloats the 
ease vitb lAiob cations can pass throufh the exdianger* rree»an and 
Stamiras (16) obserred an inoreass in rja trith ion sise for the divalvat 
ions Mg®*, Ca^*, sr^* and Ba*"*. ^ie inoraase was explained in tervMi 
of an iaereasa in strength of bonding to two crystallographically 
separated sites for the largep awre polarisable oations* Sietilar type 
of results are observed in the present report (fable i@) but the values 
of Ba are lower then those reported by Freeman and Staniras* Calculation 
of D^ and substitution in the SQuatlon below gives entropy of activation 
( As*), 
»„ • 2.72 d®KT/h asp ( As*/B ) 
h7 
FfG. 2 0 . PLOT OF LOGioD AGAINST 1/T 
'd^ 
•>8 
H«rft d ttt ili« ioBio 4tiii{>8 dl«tanii0 aasunod equal to 5 x 10 en^ K ttie 
BOHSBMH oo!i«taat« b plank's isoiistaitti U gaa constant and T to takoa a« 
27? 0* D^ and A s iralii«« ure gi¥«ii ta Tal»l<» iS* 
TAOtD 18 
SOU? DlPPUSIf^ PARAMFS'J'BS 12? TAKfALOl AESCNATB 
Migrating 
Ag^ 
% ^ * 
Ca^* 
sr^^ 
Ba^* 
ir3* 
^ ^ * 
' > 
D_ era^/eeo 
2,09 « 10"*^ 
l . i l s 10*^ 
1.55 X lO*"^  
1*86 ss 10*' 
2,72 X lO"*^ 
1,05 s 10*^ 
7»49 s 10"^ 
iCoal/nole 
2»5 
4»9 
5.5 
5.7 
7.8 
5.3 
4«8 
As* 
Cal/deg/noJio 
-24.010 
-25.290 
•2%.605 
•24.282 
-23*490 
•25.36^ 
-26.047 
In ordor to find out tiio rate of «xeliaage at dlffaroat 
te^penitinr««t tli« values of F at various tins Intairals may be plotted. 
It Is olear froa tiaese results filv«s In Figures 10*13 tbat as the 
tesperature Inereases froM 32 to 55 C, the rate of Ion exeliaBge 
Inoreases, This Is due to the faot tbat vlth Inoreaslng tenperature 
the aohlllty of Ion laoreasee. these results also Indloates that 
Init ial ly the uptake of Ions la rapid* fhe uptake deoreases with 
H .0 
iitor«ft9« of tia«* 7li«s« results are analogous vitii that of Heltiier and 
Nai^ovites (8) liut do not agree irttb those found for Ca^ ** and Mfe^ * hy 
forse and Rieuan (17)* fhe results of A s ^o«s negative mines 
(Table 18). This is aaalogons to the b^airionr of divalent ions % '^^ t 
Ca^ t^ Sr^* and Ba migrating throu^ Y«>eoolites (16) • 
Oftergieg of ootii^tion show an inerease in {!!agnittide vltti 
deor^sing hydrated ionie siase for Qllcaline earth isetal ions (Table 18)« 
this is analogous to the behaviour of aonovalent oatiims migrating 
through analoite (i@)« This behaviour indioate the feasiability of 
separating ions W «icploitins; difference in the rate of ^eohonge tovards 
tantalue arsenate* 
oo 
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TnEimODfllAHXCS W CATXOS EXCHAKGE CN T/mAUCH ARSIilJATE 
A ausber of studies of tHe t®Q|>ersturo asp®aa«aioo of i<m esi^asgo 
reaottoQ on ^mtliotii} orgottlo roslos bovo been reported (Iy2t3t^)« 
Iitorganio ion exotiaiigers arc also being developed with great interest 
and tlieir respeetive studies are in or0Mrif Siroonidra i^oafdiiate be© 
been studied in grester detsi i (5) as a syntbetio inorgdnio ion exobanger. 
Larson stttdied tbe egniiibrin of U*^  - a*, Na"^  - H**" and i:* • ii"^  (6) on 
eirooniuis i^ospbate* Oaetsle (7) sti^ied tbe traoer ion equilibria on 
sireonyi pbospbato in bydrogen fona witb li1>"*, Cs*'* Ca^ '^ , Sr^*, Ce^ *^  and 
m^\ NanooUas <6) detemined tbe equiUbrioai esebange of u \ K' and 
Cs' ions witb tbe bydrogen for«s of sastiorystalUne sirooniiu:^ pbosfibate 
at e constant ionic strength• Hie ion exobange oliaraoteristies of 
tantalum arsenate are of ooneidsrable interest beoaase of tbe possible 
use of tbis material as a cation exchanger and applied for tbe separation 
of rare eartb ions (9)« kinetic studies on tbe exobanee of Af,'*'* % ^^ i 
Ca , Sr^*t 8a , Y *^ and Tb ions witb bydrogen ion on tantaltm 
antfiate bare been reported (lo)« fbe ion tatehm^n was found to be 
partiole diffusion oontrolled and depend np<m tbe bydrated radii of tbe 
ingoing cation. 
The present repot t ooneems tbe influence of t^^et^ture on tbe 
equilibria of Mg"* - H*, Ca^ * - H*, Sr^* • H*, Ba^* • H*, La'* - H* and 
Th • H^  witb respeet to tantalus arsenate at eoastaat ionie strength 
within ^ e tetsperature ranges freNS 80 to 50 C, 
i02 
J^£St^SS!kS} f^ata3.t»a pexitoaclda (B%jlCy IMia) asti aodlimt arseoate 
(l^ i@d[el« Qertsmx^) were i^ sed* All other reagents UE€I1 «oro of analar 
graci«, 
£^•10 f5 Of taatal'asi pc^toxide was tieatetl with 200 g ot ftianosiltao 
oolijliato in 200 ill of ooaoiffltratci stiX|iiJirio aoiii# 'ilio elear solution 
yn^ dilutoa to 500 Hi to obtain a soltittoa Miiob ira« u*i H witti resiieot 
to ttmtaliim* Sodium ainidaato (0»i H) aolutloo ims prepared in S H • 
liyaroolilorio aoid* 
TaataluR aracaiato» syatliesissca as rOiJOJise^ S in our oarli*?*' 
won: (9tiO) ims aievoa to DO - 100 laefli ami waehca fro© fnm tine 
partioiea* the byfirog*^ Jtora* of tlio eicobmigar m&s prep< red with 2 :: -» 
n i t r i o acid end was oonvertod to rospeotive ae ta l Ion torm hy placing 
tbti exelian^er in o»t M solt^tione of tHo tsotal ob lor idee or n i t r a t e s 
for 2k hours vltli intermittent replitocisent of the eolatltm* All eenplee 
were vaahed free of dbloride iona a i r dried nml eiinllibrated to ooaatant 
weigltt in an atnoapbere of 51"' tumidity* 
Hie water etmtent of the mrioue aacaiiloe of the exohaager was 
deterained by heating to ooaetaat weight in an a i r oven at 200 C* fhe 
exohaage were found hy eluting with u n hydroohlorio aoid in a oolaan 
and aaalyeing the effInent for alkaline earth neta l lone with mVA 
ueiag irioohro«e hlaelc T ae iadieator iriiile lanthaatni and thorimi 
ueing xylenol orange as indieator. 
1J3 
In tli« •^ilil>r«tA<ai mfjmriMmt^t 0»2 g mm^lm of tb« 
hyomgmi fofw of tlio oxoh^ uigor iv»m «iialc«ti at Aesirod tea|^«ratiir« 
in an ^Imtrte SIOO ^ a ^ r for 6 hour* irltli 20 nl of a solution 
oontalning tiy<!»Hmiorto aaifi or aitrio aeid ana the appropriata 
al^l iaa mrm isetal otiloriAa i»ia iantbaniBi ma tboriua nitimte at 
ft total iQ»iQ atrassistt^  of i*<H% ^p^rlmmt sNiif^ ttiat «i|uil.i%vi^a 
was attaittoa wttbin tlila parioa and tho auponiatant solution nao 
mmly»m for tHo eatai ion* tHe axiieriiBents war© ctmflaotea at SO, 
30,, *o and SO*C with • l*C mriation^ 
ioi 
n u B V hT 8 
f l i t r e i u l t s of Ion ^xetiange eA|>ai3ity mid « a t « r content vaio«» 
f o r i so^es i i ia t oaleima» s tront lmst tjartnSf lonttiooum and tUoritua are 
glTiai i n f a b l o %9* 
TmhL 19 
W&f EB COmrm AND XCJI EX®lA!tQB C5APAUIOT 01' B0!€j m^Ah l(MU 
m 'imsM.m AIISENATK 
' f • ' ' " ' t" " '" I ' 
^ t a l ^ t e r ooatcnt Zon oacebange eopaoi ty of Ion exobange oapaoity of 
iOD (<^ ) oationio fora of hydrogen form of 
•xotiQager (sieq/g) exehaxieo*' (8»eQ/s) 
0,82 0.98 
0*89 1.09 
0*92 t»t^ 
0.97 f»21 
0.66 0.92 
0.52 0.78 
7b« axohaag* iaotltems for Tarioua oationa ara plottad in 
Fisuraa 81« 22, 25, 2%| 25 and 26* 
nia raaulta of aalaotivitjr aoaffioiantsi aolid pbaaa aet&Tity 
eoaffiaiasta aad tliaraodriMMita aqai librioa eoaatanta ara giiraa in 
T«%laa 20, 21» 22, 23, 2% ana 25* 
m^^ 
Ca^* 
81^* 
Ba^* 
La5* 
m^ * 
17.20 
14,47 
10.18 
10.13 
10.36 
11.18 
03 
FIG. 21 ION EXCHANGE ISOTHERM OF 
Mq2*~H+ ON TANTALUM ARSENATE 
J J 6 
TABLE 20 
SEhmnVlTt COEPFICXIHTS AN© SOLiD PSASf. ACTHnft 
nMfe 
0»OS5 
0*050 
o«iO0 
0 , 1 ^ 
o , o i a 
0 .853 
0t325 
0»389 
0«%5^ 
0»537 
0*€1S 
0.755 
©•0%0 
0«07& 
0*106 
0 . i 3 7 
0 . 8 i 7 
0.895 
0.371 
0.%%% 
0.586 
0»«00 
0»«70 
0#73t 
0.022 
0.03S 
0.063 
9*om 
O.lSl 
Cv^A^ni 
0.S14 
0.067 
0.268 
0 .303 
0*322 
0.3%8 
0*032 
0*0^9 
0*078 
0.111 
0.155 
0.175 
0*806 
0.8%4 
0*861 
0*879 
0.335 
0*375 
'" •y •" 1 ' 
(ft) m^^ 
6.8919 
0*7^ %% 
0*5610 
0*4831 
0.4616 
0.43*5 
0.4349 
0*4888 
0*3716 
0*2479 
0*1714 
0*0658 
(n) m^' 
0*5355 
0*6459 
0.6956 
0*7595 
0.6159 
0*4380 
0.3517 
0.3069 
0*8069 
0.1433 
0.1£31 
0.0865 
*m 
- u* a t 
0*44 
0*52 
0*67 
0*78 
0 .79 
0*81 
0*79 
0*78 
0*85 
0 .93 
0 .95 
1*81 
1 
20 •, 1 C 
1*02 
1*01 
0*99 
0*97 
0*96 
0*94 
0*97 
0 .98 
0*90 
0 .75 
0*64 
0 .44 
' - n* a t 30 •^  1*0 
0*68 
0 .59 
0*61 
0 .62 
0 .69 
0 .85 
1.02 
1.10 
1.42 
1.91 
3*10 
1*56 
0*97 
0*98 
0 . 9 9 
1*00 
0 ,99 
0 .90 
0*87 
0*85 
o.ao 
0 .76 
0*74 
0 . 5 5 
0*377 
0*379 
0 .378 
0 . 5 ^ 
0.395 
0 .398 
0 .389 
0.397 
0.389 
0.396 
0.397 
0*407 
0*353 
0.397 
0*433 
0*471 
0*433 
0*453 
0*474 
0*467 
0*463 
0.473 
0.478 
0 .446 
tiki 
kVQvam 
0.391 
0*453 
^^ w ^iiFm 
i j ? 
TABLE SO (Contd.) 
mmMmifmmmim»mmm»mmmi'imm 
.S* _ • « (e) fig*'* - n* at «o • 1 c 
O#O40 
0.07* 
0*109 
0«1«2 
0,^18 
0.301 
0.582 
0.453 
0.5%7 
0.6S0 
o.r;8i 
0.75% 
0.05* 
0.078 
0.100 
0.135 
0.208 
0.2«3 
0.552 
0.48% 
0.500 
0.588 
0.641 
0.714 
0.088 
0.05^ 
0.080 
0.119 
0.15% 
0.16% 
0.216 
0.863 
0*293 
0 .5 i9 
0.55% 
0.59% 
0.016 
0.047 
0.075 
0,110 
0.152 
0.173 
0.195 
0.237 
0.254 
0,865 
0.303 
0.355 
0.6798 
0.6956 
0.7079 
0.8011 
0.605% 
O.VJ86 
0.3505 
0.2550 
0.2202 
0.1598 
0,1U65 
0.0865 
(«) m^* 
0.4507 
0.5624 
0.7086 
0.7821 
0.6342 
0,5182 
0.3715 
0.3197 
0.2289 
0.1421 
0.1860 
0.0979 
0.52 
0.5% 
0.5G 
0.59 
0.76 
1.12 
i.eo 
1.62 
1.7% 
2.02 
2.33 
1.5S 
. K* at 
0.76 
0.72 
0.66 
0.67 
0.8% 
1*00 
1*38 
l.%4 
1.88 
2.24 
2.32 
1.62 
1.00 
0.99 
0.92 
0.95 
0.93 
0.92 
0.85 
0.3% 
O.St 
0.76 
0.71 
0.50 
50 * i% 
0.92 
0.92 
0.96 
0.97 
0.95 
0.91 
0.86 
0.82 
0.80 
0.70 
0.67 
0.50 
0«35i 
0.377 
0.468 
0.524 
0.530 
0.592 
0.580 
0.585 
0.58% 
0,559 
0.585 
0.5%0 
0.405 
0.%58 
0.507 
0.557 
0.590 
0.626 
0.663 
0.685 
0.672 
0.6%9 
0.65i 
0.635 
0.5S5 
0.683 
1 JS 
0.8 -
0.6 -
a 
o 
I X 0 . 4 -
-
-
-
1 1 1. .. .1 .. 1 1 
> 
/ 
/ 
/ 
/ 
1 1. 
) 0.2 0.4 0.6 0.8 
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1 0 , 9 
SBiBCfXVlfir COEB!PICir«TS AH0 SOLID PKASB ACIIVITY 
^ 
0#033 
0«085 
0.135 
0«19^ 
0«823 
0 .311 
0*3&% 
0.4%0 
0*484 
0.546 
0.6S5 
0.6«H5 
0.031 
0 .080 
0 .186 
0 .186 
0 .213 
0.294 
0 .364 
0 .48? 
0 .478 
0.5S4 
0.585 
0,655 
" " 1 " " " •'" •* 
0.018 
0 .046 
0 . 0 % 
0.155 
0*194 
0.254 
0*314 
0.355 
0.585 
0#422 
0.^68 
0.499 
0.021 
0.058 
0.101 
0.161 
0 .203 
0 .862 
0.387 
0.363 
0.395 
0.434 
0 .483 
0.535 
"f ' ' " 1 -
(ft) etfi' 
0.5735 
0.5130 
0*6462 
0.7276 
0.8063 
0.6965 
0.6579 
0.6064 
0.5606 
0.475S 
0.3725 
0.2656 
(i>) m^* 
0.8339 
0.6918 
0.7558 
0.8143 
0.9324 
0.8141 
0.7997 
0.6911 
0.6158 
0.5878 
0.5319 
0.4460 
*Ca 
' * tf 
0 .70 
0 .77 
0 . 7 3 
0 .74 
0 .64 
0 .65 
0 .74 
0 .76 
0 . ^ 
0 .86 
0 .90 
1.12 
0 .78 
0 .81 
0 . 8 0 
0 . 8 1 
0 . 7 9 
0 .88 
0 . 9 3 
1.04 
1 .12 
1 .15 
1 .80 
1 .88 
f 1 
*m 
n% 20 * t 1j 
mm 
1.00 
1 .00 
1.05 
1.10 
1.04 
0 .99 
0 .98 
0 .95 
0 .98 
0 . 9 0 
0*32 
0 .77 
at 30 ^ 1 C 
1.00 
0 .97 
0 .96 
0 .96 
1.00 
1.01 
1.02 
0 .99 
0 .98 
0 . 9 7 
0 .94 
0 .90 
^ 
0«40i 
0.395 
0 .428 
0.445 
0*^77 
0 .453 
0 .507 
0.511 
0 .589 
0 .505 
0 .498 
0 .508 
0 .603 
0 .595 
0 .656 
0.715 
0.736 
0 .708 
0.715 
0 .733 
0 .717 
0 .717 
0 .728 
0 .784 
""1 " 
0.471 
0 .695 
110 
fABLE 21 (ContdO 
T 
Average 
(o) Ca^* - K* at %0 ^  1**C 
0.035 
©•066 
0,093 
o# i i ? 
0.164 
0.256 
0.31S 
0*564 
0.453 
0.580 
0.590 
0,672 
0.0515 
0.0577 
0.0850 
0.1118 
0.1718 
0.238% 
0 . 8 9 a 
0.3676 
0.4407 
0,5126 
0,5900 
0.<;€39 
0.026 
0.056 
0.100 
0.155 
0,217 
0.279 
0.341 
0,406 
0.447 
0.516 
0.549 
0.554 
0.0359 
0.0785 
0.1225 
0.1703 
0.2500 
0,3285 
0.5960 
0*4474 
0.4865 
0.5278 
0.5493 
0.5805 
0.7243 
0*6646 
1.1190 
1.4460 
1.2790 
1.2090 
1.1680 
1,0990 
0.9679 
0.9740 
0.7703 
0.4'i38 
(d) Ca«* 
1*0610 
1,4220 
1*5680 
1.7570 
1*7380 
1,8460 
1*8100 
1*5940 
1.5090 
1.0970 
0.7703 
0,5614 
0.73 
0.71 
0.66 
0.61 
0.68 
0.73 
0*78 
0.85 
0.93 
0.92 
l * x l 
1*48 
. H'' 
0.71 
0*65 
0.63 
0.61 
0,64 
0.66 
0.70 
0.67 
0*83 
0*93 
1*10 
1*40 
1.00 
1*01 
1*01 
i.o:? 
1*02 
1.03 
1*03 
1*05 
1.03 
1*02 
1.00 
0*87 
a t 30 • 1 C 
0*99 
1.01 
1*02 
1.05 
1*10 
1.13 
1*16 
1*07 
1*06 
1*04 
0,95 
0.91 
0.531 
0,609 
0.723 
0.835 
0,845 
^^^^ 0*835 
0.851 
0*849 
0.849 
0,S61 
0*855 
0*833 
0*733 
0.S24 
0*949 
0,971 
0*943 
^•^*^^ 0*950 
0,962 
0*930 
0,964 
0,944 
0.935 
0.949 
in 
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TABm 82 
SElMTHtVm COWFlQtlMB AND SCUD PHASE ACf WITIT 
*sr -^ sr '^ Hr % *!! "e 
ATomge 
(a) Sr^* - 0"* at SO • l^C 
0*025 0*036 t»4730 0*35 4 #00 0.5*6 
0»047 0,06a 1.5160 ()#36 l.OS 0*525 
0.091 C.115 1»3340 0.42 1.0ft 0.51© 
0*1S% 0.162 1.4240 0.%ft 1.08 0.337 
0.101 0.e43 1.5690 0.46 1.13 0.575 
0.245 0.299 Uk090 0.50 4.10 0.5S2 
0.310 0.352 1.C8S0 :^.53 4.00 0.5S5 
0,375 G.39S l.lftaa 0.55 4.05 0.572 
O.^m 0.4^2 0.S449 0.60 1.00 0.574 
0.556 0.483 0.6384 0.84 0.97 0.570 
0.667 0.520 0*3749 4.82 0.90 0.565 
0.771 0.549 O.lSSa 1.54 0.71 0.560 
ih) 8r"* - U"^  at 30 • 1*C 
O.OSl 0.045 t**2620 0.27 1.00 0.611 
O.CJ46 0.084 U.1230 0.30 t.OO 0.689 
0.080 0.186 1.7560 0.35 1.01 0.597 
0.122 0.177 1.5730 0*41 1.0« 0.680 
0.188 0.233 1.3360 0.47 1.03 0.614 
0.853 0.899 1.3470 0.54 1.07 0*635 
0.389 0.394 1.1930 0.61 1.08 0.684 
0.384 0.399 1.0890 0.66 1.06 0.638 
0.488 0.498 0.8401 0.74 0.99 0.63% 
0.567 0.489 0.6205 0.91 0.95 0.686 
0,673 0.538 0.3843 1.30 0.89 0.630 
0*789 0.590 0.1535 1*48 0.58 0.648 
0.557 
0.689 
"ShVUL 83 (Conta*) 
s^r 
0»035 
©•057 
0»085 
0 .129 
o.iss 
0,255 
0*504 
0»375 
0«462 
0.564 
0.667 
0 .759 
0.02S 
0.05S 
0.089 
0.128 
0.185 
0«249 
0.313 
0.379 
0.469 
0.554 
0.661 
0.764 
" ' 1 • " ; ^ " " " • '" 
0.025 
0.050 
0.090 
0.142 
0.263 
0.326 
0.355 
0.38S 
0.4C0 
0.468 
0.50& 
0.535 
0.030 
0 .062 
o . i i e 
0.15S 
0.255 
0.302 
0.358 
0.594 
0.441 
0.482 
0 .518 
0.548 
"T '" " ' 1' 
Co) Sr^* 
0.7158 
0,8644 
1«07OO 
1.1350 
1.7S50 
1.5670 
1*3620 
1.0420 
0.7818 
0.5571 
0.3367 
0.1832 
(a) sr^* 
1*0760 
1.2180 
1.3010 
1.3230 
1.6700 
1.4080 
1.3110 
1.0910 
0.8494 
0.6480 
0.3874 
0,1960 
""•""^ "' i " 
*8r 
• n* a t 40 
0 .50 
0 .48 
0 .46 
0 . 4 9 
0*40 
0 .48 
0 .54 
0*64 
0*8'J 
1*03 
1.32 
1.54 
«. K* a t 5fi 
0 .42 
0*41 
0 .44 
0 .48 
0 .49 
0 .57 
0.65 
0.75 
0 .90 
1*09 
1.46 
1*61 
' H 
' 1 ^^^ 
0 .72 
0 .75 
0*81 
0 .95 
0 .99 
1.00 
0 .99 
0 .96 
0 .92 
0 .8S 
0 .73 
0 .62 
o 
• 1 0 
M» 
0 .76 
0 . 8 1 
0 .S5 
0 .91 
0 . 9 9 
1 .02 
1.05 
1 .02 
0 . 9 9 
0 .93 
0 .86 
0 .62 
""1" ' 
0 .690 
0 .737 
0*750 
0 .702 
U.729 
0 .752 
0 .750 
. 0»723 
0 .739 
0 .734 
0 .730 
0 .754 
0 .782 
0.761 
0 .792 
0.767 
0*835 
0.771 
0 .773 
0 .786 
0.780 
0,816 
0.765 
0.821 
4*" 
0.732 
0*787 
1 1 4 
a 
•x 
0.8 
0-6 
0.4 
0 2 
O 
/% 
1 
ri* 
1 1 1 1 
y y 
1 1 1 1 
' 0.2 Q4 0.6 Q 8 
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SHWXJTIVITT COHmciiUfS AND SOLID HlASE ACTIVITY 
compmirms FOE sa^* • B* CECHAHGE 
nJa 
0 ,023 
0 .050 
0*100 
o , l 5 t 
0 ,S07 
0*C50 
0,348 
O^fim 
o*fm 
0»fii% 
0 .697 
0 .799 
0*022 
0.0%8 
0.09% 
o,i%^ 
0,197 
0«29« 
0,501 
0,58% 
0,47% 
0,603 
0,6^3 
0 ,7»3 
o,o7r» 
0,143 
0,214 
0,262 
0,277 
0,e9S 
0,3S9 
0,376 
o^fmi 
0,501 
0 , 3 ^ 
0.587 
0,080 
0,148 
^..225 
0,277 
0,299 
0,314 
0 ,333 
0,384 
0 ,440 
0 .498 
0 ,543 
0 ,592 
- i ^ • 
(II) BA^' 
3,6880 
3.4990 
2,8150 
2,2960 
i , r . i i o 
t .3680 
1,1140 
0,8492 
0,6787 
0.4983 
0,3856 
0,1750 
(ti) Ba®* 
4.0830 
3,8230 
3,2800 
2.6420 
1,9900 
i . 6770 
1.2140 
1«0040 
0,8194 
0.3158 
0,4469 
0.2130 
*• 0 a t 
0 ,24 
0 ,27 
0 ,34 
0 .40 
0 ,46 
0 ,53 
0 .61 
0 ,74 
0 .90 
1,14 
1.5Si 
1.54 
* H* a t 
0 ,26 
0 . 2 9 
0 .35 
0 .42 
0 .48 
0 ,53 
0 ,62 
0 ,73 
0 ,86 
1,13 
1,20 
1.34 
r 
ao *^t°a 
1,00 
1,01 
1.00 
1.01 
0,94 
0 ,91 
0 ,88 
0,84 
0 .82 
0 ,80 
0.75 
0 .55 
30 *^ 1*C 
1.00 
1,01 
1,02 
1,01 
0 .97 
0.94 
0 , 8 6 
0 ,84 
0.92 
0,75 
0 ,69 
0 , 4 9 
i" ' \ 
0 .883 
0 .926 
0 .903 
0 .909 
0 .875 
C#S75 
0,S78 
0,890 
0.908 
0,688 
0,903 
0.891 
1,042 
1,087 
1,103 
1.087 
1,015 
1.005 
1.117 
1.038 
1.048 
1.036 
1.126 
1,145 
1 ' ' ' 
ATeraga 
0 .993 
1.070 
i l o 
tAB1£ S3 (OonM.) 
Av«nig« 
<o) oa^* - n* a t 40 • i G 
0.020 
0*04i 
OtOSi 
0*105 
0 , i33 
0*160 
0*088 
0*30% 
0*412 
0*558 
0*<;63 
0*774 
0*019 
0*040 
0*088 
0*114 
0.153 
0*18« 
0*248 
0,315 
0,447 
0*563 
0*665 
0*781 
0.095 
0*151 
0*250 
Q»38S 
0.323 
0.349 
0*377 
0*404 
0*451 
0*500 
0.548 
o.fioa 
0.096 
0*150 
0.250 
0.283 
0*319 
0.331 
0*378 
0,408 
0*463 
0.515 
0.564 
0.625 
5*4580 
4*7830 
4*6400 
^*1460 
4*0050 
5*r>170 
8*5520 
1*8190 
1*3290 
0*7352 
0*4585 
0*£5»1 
6.0990 
4.8270 
4*1930 
3*7580 
3*2420 
2*6400 
2.8240 
1*7340 
1.0980 
0.7404 
0*5002 
0*2730 
0*85 
0*29 
0.53 
0.36 
0.39 
0.42 
0*50 
0.60 
0.74 
0*99 
1«S0 
1*34 
• n* a t 
0.25 
0.30 
0.36 
0.39 
0.44 
0*48 
0*54 
O.CJi 
0.78 
0.97 
1*20 
1.32 
1*00 
1*08 
1*08 
1*06 
1*06 
1*05 
0*90 
0.90 
0*85 
0,73 
0*64 
0.49 
0 
30 ^ 1 C 
1.00 
0.98 
0.98 
0*97 
0.96 
0*92 
0.89 
n.84 
0,75 
o .ns 
0,62 
0*48 
1*375 
1.316 
1*319 
1.328 
1.390 
i*377 
i«32S 
t .>40 
i .361 
i .366 
1.344 
1*396 
1*524 
1*508 
1*568 
1*557 
1*547 
1.497 
1.517 
1.524 
1*523 
1.553 
1*562 
1*564 
1.353 
1*537 
1 1 7 
0.9 -
0.7 -
°0.5 
0 3 -
O.I -
-
r 1 
y ^ 
1 _ 1 1 1 1 
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TABIE 2% 
SL%ECTivny coii^i icinif^^ AND SOMU miABi: ACTIVITY 
COIfPIClUl'S rOR lA^"* • H* E3B2IASGL 
*La ^lA "ll *la T3 *in *% 
Average 
(a) ift^* * IS* a t SO • 1*0 
0#009 
0*059 
©•075 
0«itS 
0.195 
0,26ri 
0*5%S 
0.%8<5 
0.513 
o,59i 
0.675 
0.7^7 
0.074 
O^l i l 
0,136 
0 a 5 9 
0.191 
0,250 
0,276 
0,316 
0,340 
0,380 
0,409 
0,460 
9#7430 
5«5910 
3,::520 
l»6f»iO 
i*!i570 
0,9055 
0*8904 
0,4393 
0,0662 
0,1845 
0,1007 
0,0633 
(h) la^* 
0*10 
Q0t9 
0,27 
0*33 
0,42 
0.59 
0*64 
1.05 
1.47 
2,00 
»i*S^ 
8*56 
«• 1< At 
1.00 
1.04 
1,06 
1.05 
1*02 
0.97 
0.97 
0*92 
0*88 
0,86 
0,80 
0.70 
30 2, **^ C 
0,982 
0.606 
0,500 
0,473 
0,504 
0.590 
0.618 
o*5*n 
0,573 
0.580 
0,?V4 
0.472 
0,010 0.070 9*52150 0*10 1.00 0,921 
0,040 0,111 3.4940 0*19 1#00 0,650 
0.076 0.142 iJ.3340 0,a6 0.99 0.626 
0.115 0*176 1.S950 0 .3 i 0.97 0*644 
0,802 0,218 1*1470 0*46 0,93 (',657 
0.«78 0.258 0.8956 0.59 0^90 0.725 
0.332 0.282 0*5891 0,79 0.87 0.707 
0*434 0.308 0.3884 1.10 0.81 0,731 
0.548 0.356 0.3245 1,63 0.79 0,743 
0,607 0.372 0.1502 2*11 0.76 0.724 
0.690 0,414 0*0888 3.16 0.73 0,721 
0.756 0.465 0.0583 2.82 0,62 0,690 
0*553 
0*692 
•i!9 
MBLR M (CoBtd.) 
ULa 
**H 
JO 
'n Averag* 
(©) lA^* - H*^  a t 40 • 1**C 
O.QiO 
O«044i 
0,080 
O . i i S 
0,211 
0.270 
0.559 
0A1J2 
0 . % 7 
0*S21 
O.7t0 
0.782 
0*000 
0,015 
O.OIlO 
0,070 
0.129 
0 ,198 
0,288 
0,3*50 
0,%35 
0,525 
0,59% 
o.i ;5i 
0 ,075 
0 ,124 
0,152 
0 .183 
0 ,227 
0,S^5 
C,S9% 
0.312 
0,370 
0.33S 
0 ,425 
O.'IS? 
0.090 
0,154 
0.199 
0,235 
0 ,311 
0,3(57 
0,335 
0 ,436 
0 ,482 
0 ,500 
0,55<S 
0,(«534 
9«1940 
3.6530 
2.4260 
1.9510 
1,1400 
0,9616 
0,6175 
0 , 3 < J S 3 
C.2118 
0,1484 
0,0768 
0,0478 
(a) iw?* 
1103.0000 
15.8780 
8,4470 
4.5870 
4,8670 
3•7750 
2,0800 
1,7740 
1,4350 
0,8166 
0,7176 
0,5486 
0*09 
0 ,17 
0 ,23 
0,139 
0 .43 
0 ,52 
0 ,71 
1,01 
1,40 
l t 9 7 
3,30 
3»39 
•- 12' 1 
0 ,06 
0 ,07 
0 ,30 
0 ,45 
0 ,46 
0 ,53 
0,6*; 
0 .69 
0,S[) 
1,00 
1,10 
1.32 
1,00 
0*96 
0 ,90 
0 , 8 8 
0 ,84 
0 .84 
O.&O 
0 ,75 
0 , 7 1 
0 ,70 
0 , 6 7 
0 , 5 7 
a t 50 ^ 1*0 
1,00 
0 .82 
1,23 
1,23 
1,26 
tm'HO 
1,10 
1,05 
1.02 
0 ,93 
0 ,90 
0 ,08 
0,G42 
0 .706 
0,763 
0.630 
0,U27 
0,S43 
0,t;56 
o.y35 
0.G28 
0,852 
0 .093 
0,874 
61.514 
7.770 
1,361 
1,051 
1,121 
1.157 
1 , 31 
ii,r»57 
1,083 
1,015 
1,083 
1,063 
0 ,629 
1,102 
12"^ 
0.2 0.4 0.6 
FIG.26 ION EXCHANGE ISOTHERM OP 
Th4+-H*ON TANTALUM ARSENATE 
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TABU 85 
BSJl£CTl?I^f COI^l ICIKNTS MU SOLID WASi ACl'XVXlTr 
% "^ S^" i«. in Jfe 11 .•ni 11 
Average 
(a) •m*'^  - if at 20 4* t% 
0*024 
0.076 
0»050 
0*180 
0 ,279 
0*380 
0*^93 
0*(S80 
0 .736 
0*800 
0«Sd% 
0.938 
0*020 
O.Ogfi 
0 .096 
0*152 
0*260 
0.336 
0«4i28 
0*320 
0.398 
0*708 
0*790 
0*S<$0 
0,CM7 
(UCf»2 
0*073 
n*tm 
0*138 
o,*53 
0*171 
o.ise 
a«S53 
a*i291 
U.313 
n.353 
0*069 
0*102 
0*142 
0 . U 6 
0*160 
0 ,233 
0 ,313 
0*320 
0*364 
0*400 
0*446 
0*483 
U*1148 
0*7779 
0 . 7 O 4 
0#5r>24 
0*S697 
J*157-4 
C*o:'99 
0,0293 
0*0*29 
0*0081 
0*OUl7 
0.0014 
(b) Tlfi* 
4*2372 
2*0353 
l>8l*li 
0,9^^95 
0.3706 
0*3B84 
0*3305 
0*1928 
D.1038 
0.0317 
0*0114 
0*0030 
o»os 
0 .16 
0 .19 
0 .24 
0 .40 
0 .65 
0*CO 
1*06 
1*30 
1*53 
8*4a 
2*94 
' • i r ' i 
0*04 
n*07 
0 .10 
n . t 5 
0.2<; 
0 .38 
0 .40 
0 .68 
0*82 
1*52 
2*46 
3 .38 
1*00 
0 .98 
0 .9a 
0 .97 
0 .9? 
o.cn 
0.60 
0*6B 
0 .96 
0.515 
0*40 
0 .39 
« 
a t 30 _^  t C 
0*98 
J* 94 
0*93 
0*88 
0*84 
0 .92 
0*87 
0 .81 
0 .78 
0*70 
0*62 
0*46 
0*169 
0.152 
0 .157 
0*192 
0*150 
0 .143 
0 .196 
0 .145 
0 .169 
0*172 
0*161 
0 .178 
0*184 
0*182 
0*253 
0*232 
0,193 
0.204 
0*245 
0*241 
0 .229 
0*201 
0 .189 
0*286 
0 .159 
0*215 
TABtS S9 (ConM.) 
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T 
,ttl 
% J 'n 
(o) fb*"^ - a'' at %0 • l^ 'c 
0*016 
0#060 
0*092 
0*i54 
0,35S 
0*522 
0*^50 
0*556 
0#GC^ 
0*(593 
0.79« 
0*842 
0*017 
0*058 
0*096 
0*150 
0*242 
0.327 
0.542 
o.<;oo 
0*674 
0*7S2 
0 .839 
0*076 
0*118 
0*154 
0*161 
0 .175 
0.240 
O.S33 
0 .351 
0.37^: 
0*413 
0.450 
0,492 
0.084 
0.137 
0.172 
o.ia^ 
0.19S 
0,2<53 
0*347 
0.352 
0.37.1 
0*415 
0.457 
0*498 
5*3863 
2.5437 
e*S123 
t*0808 
0.4438 
0*4377 
0*3^21 
0,1711 
o.Vitn 
0.{»314 
0*0111 
0*00^5 
(d) m** -
6*55£4 
3.5532 
8,5485 
1.4443 
0 .6^29 
0.5552 
oAttn 
o . i r , 2 t 
0 ,1038 
o.o^g^i 
0.0152 
0*0063 
0*05 
0*09 
o* i i 
o«17 
0*09 
Or41 
0,52 
0,v4 
1.39 
e .32 
3.C0 
3.97 
. Il' ' a t 
0 .05 
0*09 
0*12 
*n 
0.U7 
0-.12 
'^,42 
C>*'J4 
1*12 
i.ao 
3*74 
0*98 
0 .94 
0 . 9 3 
0*.90 
0*82 
0 .85 
0*84 
0 , 8 2 
0.6D 
0 . 7 8 
0*60 
0*52 
50 • l'*C 
0 ,97 
0 ,92 
0 ,91 
0 ,87 
i\BO 
0.79 
0*77 
n*78 
0 .70 
0 .55 
0 .48 
0 .292 
0*270 
0*325 
0*280 
0*283 
0*344 0*311 
0 .357 
0,356 
0*334 
0,322 
0 .274 
0*299 
0 .370 
0 ,431 
0 .446 
0 ,429 
U.430 
;i*459 Q^^33 
0*443 
0*434 
0 .441 
0 ,445 
0*435 
0*444 
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the r««iilt8 of «iitlialpy ^angMt A n beivden two tes^erAtures 
T^ &n& TQ were ealoulated froa Vaat-Hoff eqamtioa 
to Si « A £ L. ^ i 
8 
and oorrecpoaaiag entropy {^onges^ ^B vtre oaloyliito^« ^ o respite 
of ^ 0 t An'' Q M A S &ro eomarieed in fabloo 26* a7t 28t 29« 50 ana 
34. 
T#cip«i«ttiro 
( c) 
20 •^l 
30 •^l 
*0 4^  t 
50 4, 1 
*1I 
0»39i 
0,%53 
n.955 
0.*;23 
Ao (Cai/etolo) 
876 
239 
184 
i53 
1 "' """" """" 
A B 
(C8l /aol«} 
2399 
3844 
22€4 
233€ 
As 
(CaI/««g/fifole) 
7*9 
t i « 8 
6.9 
S.g 
124 
TABI.E 27 
•rnSHMCHMfHAMIC PHOPEUTJFS FOR Ca^* • tT EXCHAIIOE 0^ fAiffAWIM AnSimSB 
20 •^  1 
50 _• 1 
40 •^  i 
50 ^i 
^ 
0«47t 
0.695 
0,835 
0.950 
A ^ 
A o 
<Cal/ttolo) 
221 
IC? 
56 
U 
•"""11 ' 
A o 
(Cal/eold) 
7386 
l?9(>f» 
£805 
^ Q 7 
* *• 
(Cal/dtfg/nole) 
24,4 
<?•! 
0.7 
t5.8 
TABLIi 88 
T«Bperature 
(•c) 
30 ^ i 
30 •^l 
%0 • t 
5«^  1 * 
fiST 
0.557 
0,*;25 
0,732 
0,787 
(CaVi!iol«) 
172 
142 
97 
77 
1 • "•"' 
A H 
(Cal/iBol«} 
2069 
3001 
1462 
2191 
As* 
(Cal/d«6/noi«) 
6.4 
9,4 
4,3 
6,5 
12 5 
TABLE 29 
THERMQDINAKIC HtciPEmriES FOB 8s^* * U* ESCDANOE (M TAUTALUM ARSENATE 
'"""""" "" ' "'1 
( C) 
20 4^  1 
30 •^  1 
40 jfr 1 
50 J* 1 
0.893 
1*070 
1*333 
1,537 
* • Ao 
(Cal/ioolo} 
33 
** 2<I. 
- 95 
-139 
"'1 ' ' """" 
An 
3206 
4464 
2566 
3426 
t 
As 
(Cal/dog/E«ile) 
10 .8 
14t8 
8 ,5 
11 .0 
uum 30 
Cc) 
80 •, 1 
30 ^ 1 
40 JK 1 
50 1 * 
0 ,553 
0,692 
0»892 
1*102 
Ao 
<Cal/moi«) 
115 
74 
39 
• 21 
"f" 
* * 
A H 
<Cal/eio2e) 
3983 
3439 
5755 
4358 
i ' 
As* 
(Cal /deg/aoie) 
15 .2 
l l » 0 
18«.2 
13 .5 
126 
TABLE 3 i 
fBEEHmiSNA^ZC PRQPE^irS FOB ffe** • H* EXOlAHGE OK TANTAUIM AfiSlllATE 
(*C) 
20 •_ 1 
30 ^ 1 
•aw 
50 * 4 
mm 
^ 
0,159 
0.815 
0.511 
0«%33 
A Q 
(Cal/siole) 
269 
235 
183 
13rj 
• * 
AH 
(Cai/nole) 
536S 
7016 
6696 
6323 
As 
(Cal/deg/mole) 
17.3 
22*3 
20*8 
19.0 
n>. mtbalpy ohmis... A n ° «re . 1 .0 .a>c»I<««d ( ro . t b . . lopes 
Of the plots off log^Q re against 1/T 'Z for eone oatlons &t 20 C. 19i« 
rofults are glTen In fable 38 and are plotted 1» Figure 27* 
1 /: t7 
o 
o 
FIG.27 TEMPERATURE DEPENDENCE OF THE 
THERMODYNAMIC EQUILIBRIUM CONSTANT 
i 2 S 
» I s c II a 8 I 0 s 
Capaoltir ana water content Bi«a«aratt@ntji8 Hio ion tsohanno oapaeitjr 
ana water content imlues for isiagne0iiui» ealoiiict, strontitsi^, Dariraii 
liinthanEia and tboritto foama of the nmctanger are given in ?at}lo !• I t 
oon !)o 8e<*n that the oapaoity for t!io ollsal-ine earth matnl chloriae 
solution increase in the order Fs^V^ Ca^'^<^Sr^^<^lia"^ Siiailnr 
vari0#.ions of the capacity of aircoaio© j^oaphat© witR tho notnrc of 
tho insoins cation have ho&x oboorvs^ hy otli^r ^orLera (ii»iQ)« *rJio 
"oniucs of Ion esehoaoo onpcoitsr QSKI tiater content indio^to that tlio 
!aettii@ outer the imtr is ac hydratca ions and tha imrlEeu diifercsioo in 
the capacity onn ho nocoKnted for tho aiffercacos in tho aueSior o^ 
Qeeoeiatedl water dipolee* Bites oioac to tho hydrate^ metal icme nay 
thue he effectively hloelced for the «xi^imige reaction. In aaditiou to 
the above faetore i t ia well imoim that tantalaia a n n a t e eai:tiihite 
ion«>eieve propertioe reeulting in an uptake t^ieii wottlu he governed hy 
the re la t ive siaee of the hydiated al'caline earth ions in agreement 
with the obeerved order o t capaeities* Analoii^na hehaTiour was found 
1^ other worl£er» (13) on MireiHiit«» phoephnte* 
lon-escohange lao^henMLS *4lUe exehmge ieothema for different cations 
are plotted in Figturee 2i to 86* ilie eeleet ivi iy coefficient for the 
reaction 
«RH* • M"* .^ ..•. > RjjM • nn* ( i ) 
1 2 9 
i» defined hy 
wbere i|^ . ana 7^ ref«r to tbo aolo fmotiona of tlie raotal and liydrogen 
lone in tbe eselxcmgor and X^^ and 3^ |t tbo stole fraotion of th@ metal and 
tiydrog^ ions in the eolntion. 
file t!ieiiso(d^oiaio cQuilibrittra oonstcost for tlio reaoticm (i> 
tmy t>Q written in tenss of activity ooeffioicntsi ft 
The ratio of activity ooeffieicnts in tbe solution« % / % ^^^^ ^^ 
elose to unity at the oonetant icmio etreogtb of tbo eacohonge experin^te 
and xJJ i t obtained from tbe relationeliip 
1^ • 8 - « ^ ( k ) 
" ^ 
Hie solid phaae aativity aoeffioiente are given by (i4)* 
I n f ^ » . ( i . X ^ ) l n B « / InSdX}^ < 5 ) 
a a d l a i „ « i ^ I a S » { l a S d ] ^ ( 6 ) 
: 3 ' 
By BtttMirieal tntegration of &og S against X^ curvet uning the above 
reHatioiii^llHit tlie soUd pbaso aotivltir ooeffioients end t&e tberaodr-
naiiie equilibrliiBi constants C^rables SO, Sif 33» Q% 0% and 25) vera 
oaloulated for ttie eaeobange of bjrdrog^i ion with Mg, Cai &r» Itef La and 
fb ione# 
THEHHODISIAMIC PROPERTIES POU IRIC l^ OilANGE O? Ili^ TAL ICKIS WITn H¥0nOGL2S 
ON TANTAOiH ABSI3?ATE A9 80 • i*C 
Meplaolng 
ion 
m""^ 
ca®* 
Sr^* 
to^* 
La^* 
th^^ 
••1 
(cai nolo ) 
87f» 
020 
17i 
33 
i t s 
270 
f 
(Cai Boi© ) 
* t24i 
• i%3^ 
- i l05 
•• 166f» 
- 1579 
• S727 
1 " " ' • •"" i '"" "•• 
A s " A s j 5 
(Cai deg*^ im>io )(Cai dog* moi©""*] 
- 5*1 
- 5.7 
« 4 .3 
- 5*8 
- 5.8 
• 10»2 
- 36.7 
- 17«i 
- l i . 6 
- 3*5 
- 49.8 
«•» 
Tbo free energF eb^mgeSf A o for tbe ion eaeobange were 
eaionlated froai tbe tberaodjmaMio equiiibrltm oonstante using tbe 
generai re lat ion 
A«* - —^ to K2 ( 7 ) 
wiiere B i e the gas eoaetaatt %^f Z>^  are tbe vaieoeee of ooaqpetiag ionie 
3! 
0 
•l>«eiM» T i» tbe abtoluto t«a^«rfttnr«» the fr«o •nvrg^ r ebangM, ^G 
«r« plotted as a fmotion of tbo ratfltta ir^*) of the ingoSag oAtion* 
It i0 9%e& tliat ttie present data sliow tiie eatto general tread asS tHe 
departure from a linear relationeblp indioatee tbe faotore otiier tiian 
eiaiple oleotrottatio oooeiderattons are iinportaiit In ttieee exotiaiige 
reaotioae* Footora euch as deoreaaing dielootrio ooaatant witMn 
the exohanger (13) or distortion of tsatrix with eieo of ingoing ion tmy 
be in^rtont in the interpretation of tho observed effeet* 
Tho An iraltioa are oaloalated from tho plot of log^^ K aisainat 
and hydrogen ion ^ow that heat vaa evolved* In ^csieral AQ ap|>eared 
to he a ftmetion of the difference of tho hydration of tho exohiingiui; 
oationa and was aisall for iona of aiailar bsr^ation nnmher end larr^ o 
for ione of widely differing hjrdraticm nu^er* 
fhe entropy Ghangeiy AB oorreepona n^ to the ion exchange 
proeeee were oaloniated using the eqaation 
A «• AH* • A O ' / « * 
T 
Die aalenlated A s values are givmk in Tahle 38* file entropy 
differeatses between the oorrssponding icmio foms of tho exehangeri 
ASg^ ean he written {if%) 
As* • ^»KX-<®M-®B^ ^^^ 
irtiere S the aqueous ionic entropies (17)* talues of ASj^ j, (Table 38) 
132 
refltot (i) Ganges in bs^mtion aeooiipi»yiii£ r«aotion (i) and (ii) 
tli« aiiferGnoea in lattiea distortion of tlio tvo foreia of the 
aacotiangar* The ^ S ^ vaiues aho^ a aignifioant inoreaae with tho siaa 
of t&o ingoing eation* flia obaorved order 1% / C A <[^ sr \^Bi% ia 
eonaistant v i ^ the proposed inoroaains hjrdiation of the aikoiine 
earth metal iona iritfain the ocohoager* Xt ia aeen that tbie trend 
heeoaea apparent only after reiooving the variable (^  ^ * ® Q ) ^ <>*^  
fro!3 the neaanred A s • The ohange in <mtropy'» A s ahowa no 
correlation with the hydrated ionio radiua but inoreaaea in laapiitndo 
OS a linear function of the bare icm radiua. On this baaiai the 
ez^^iange ia enviaagod as oooorrins between the oovalently botmd 
hydrogen a M hydrated oatione in the interatitial li<3uid» the affinity 
being inversely proportional to the degree of hydratimi« daring 
exchange the polarized hydration iftiell ia displaced and the liberated 
hydrog«a ion becmse hydrated* tlio net c^ hange in entropy equals that 
doe to the replao^ent of ime cation by another plus the entropy 
diffarence between the hydrated forms of the two iooa involved» and 
the overall value of A s ia thna less for veiy large hydrated ions, 
fhe values of A H andAs for St^^ ion not folloviag the g«iaral 
trend I ia probably due to the hydrolysis of the Sx^* in neutral 
solutions (Sr^* • HgO SrOB* • B*). 
i 3 3 
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OF MSHOLs m mpMB tmmimmm mm 
mumiQ mammm 
i 3 -i 
mmimmnkmtG mfMuatm sam tmmxnekttm or mmom m 
fnptr ^riMRiograpby of pii«ftoI« ii«« tmmk •tuAisd in d«taii 
for ^ « iiiip««ti|^ti«B« df stmetovftl litliavlmir of ^ooo ooaponkbi ( i ) * 
fbo rotfttioatlii^ ^«tir««s titoir S^ miiuoo mA tiiotr otivoturoo has 
lioai tftiooiiosod* ftiooo outtoim foisiA AM^ oottotioit for l^o lioMoloie«ui 
taetOMoiit of •IS^ in two owrlei of* eoiD^ooaao* ttm^ Autiioro htem 
r«fort«a tiio fsiirowit^ praptajr of flioiiolo on ploiii i^poro (Si»3»4t9t<>t7}» 
Ctmtk. <8) iiao ofi^ootoa tfto itoo of ion mff^tmngm poi»or8 for the 
e£tr(»Biotogr«{)^ of ^cnolo* Bo^ vo iUigoI crofto SB«*a Ai^iorlito loo 
oxoboBgo roiiii looAod p«i>oro woro mM for l^tt work* A oiirr^ of 
ttio Iltorotnro tboiro tliat AO SUQII otoflioo hmvm INNH roporloA on 
taorgoaio ion o»^aafort« Staanio noiyMato tiaa ^oen ayniiioaiaod in 
lAoao lalMiratorioa anA iiaa 1>oa& oaod aa inoriittiio i«a oxoliaaior for 
tlia aaparatian of notai iana (tt iO)* ttaanio aolir'Miato papara IMIVO 
liaan itood for tlia oturonatacrayiir of natal iana ( i i ) an4 vara foaad 
vary aalaatiTa tawarAa aana aatinna* fHa aaiaaiivitr ana naialsr «ma 
to tlia ian*axaliania tiahariaiir of ataaaia nalar^tfata anA i t a aafian aa 
iinia»ai«va* flia notarial liaa aUo %a«a naad tmt tka Aataotion of 
farroaa ion ( iS). 
Ootaotiott of fkanoia W oaria • l an ion nitrata naa not 
aatiafaatoir* !lowarar« i t ana fooni tHat plianola gira aolawrai aiMita 
i Jo 
mi (it«iiai« MoiytiAftt« paptrt. tlMr«for«» i t lia« 1»««tt d«eia«A to porfom 
tho QhroMstegraptiy of iiiiottolo ott otomiio aoljrbtet* pap^o for tlio 
felloirljig tItriM v^asotmi 
( i ) to tfoteot tlio sonoo of ftt^noISf 
( i t ) to ooo ^ 6 oeliootivi^ 00 that oopafatioito mmy bo aoiiiovodt AHA 
Ciil> to ot i i^ tiio eomroiatioii liotvoeii a|. fttinea and otmeturajL <^aiigo« 
of pbQBOla* 
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Appf»tm|t CkwmmtQgiPmsikf «»• p«rfox««d on Hbfttaaa ]lo«3 paper t t r ip * 
of sisft t% X 9 OS using SO x ^ e» glae« iar». 
R—g«it»f Cli«i[d6at« and solT«i!it& ««r« aittier B» Merc^ (oanaAtadt) 
or B*D*B« Aaalar groAa* Staaaio ^ l o i ^ ^ pentahyafate (Poland) and 
aodivus ttoli'tiaata (Poland) wara Qaod* 
Prtpafatioa of lao agolMttiga paparat Aqiiaona aQlutiaoM of atannio 
otilorida iO*23n) and aodtntB ao29^ l>dato (0»85H) vmte praparod* Papar 
etrtpa of raquiroa aisa vara f i ra t imgmimt^^^^ ^ otannio otilorida 
aoltxticm for 3«*5 aaoonds* Vba axoasa of tha raagimt aaa r««0T«d Ibgr 
p&aolng %t» atripa ov«r a f i l t a r paper sbeet end allowed to diy for 
15 Ktaataa at romt te^pamtitra* Sba atripa V9r9 th«i dipped Into 
aodlna iHilrlkdata aaltttlon for 3 aaoonda, ttia axeasa aoltitloii drained 
offf and tlia atripa vara plaoaa over a f i l t a r aheet* fliaaa atripa 
vwe dried at roo9 tamtaratora and ^lan uneiied tvlee irltti dlat l l led 
water In order to remove tiM mt^im»» of tlie reagenta* rinalljr tbeae 
were dried at roes teaperatura and aaed ea auab for obroaotofraphy. 
Praeeimat Cue or tira epata of teat ealatlotta were apotted wltb tlie 
help of tiiltt flaaa aaplllarlaa* flie paper mam aeodltloBed far 
15 wlnatea and tiM aalYint aaa tli«i allowed to eaaeod (alwaye i t OM). 
Stamittt «9lyto4at« pftper« «•» ^ f>Mtf '<»^ lomitiiig ike pr«t«ttoe 
of ]^«iiol«« for this pnitKite a mmll drop of ^onol ooittticm «&• plaooil 
OB fk {>fi|»or It^fognftfod witit otomito «olyi»<aat«» fho vmiotio ooloom 
ol^orved vitti 25 S^OROU «ro iistofl in tablo 3^. 
<BOy>im Of SfCTFS OP l>eiliOIB m STiiUHXO ^ItimiAfE PAFEES 
mmmummumfmm 
^ 
ltl«EI0l8 XHsioaiato ooloiar of Colour of oi>ot aftor 
i$ Bdnttteo 
g. llydroqiiinoRO 
5« 8»%96»trtaitroplbcnol. 
%• lyreoftiootiol 
S* S«lijnainaaqr «iilAolt»o 
€• Qitfsol 
7* ^•aiiro•oO(f<dl«9htllol 
8« pHBoi^tliol 
9» oOooiilitliot 
10. aooorolnol. 
t i« Cfttoobol 
i t * o^oroool 
i3» »-or«ool 
OoIonrJLooo 
I>al» jroUow 
B»ff oolonr 
OrttOigo grolloif 
I^Io«v2o«o 
t f gilt bVOMI 
Oolotirlooo 
Ooiourloot 
Colottrlooo 
lAM ^rowoiirii 
yollow 
eoiourlooo 
Colonrlooo 
I4stit jrolloir 
oroy 
Toliov 
l^rle gt«9^ 
Tollov 
Grvf 
floMf irti %ii9Wi 
BQff 
Grty 
Groy 
Blaoleii^ groitt 
Colourlooo 
Colouriooo 
fABlB 55 <Contd*) 
'a '-^  2 
S#Ii 
• ! » • Iliitiol* IimMtt*t« ttolottr of Colour of spot ftftor tlio opot t3 «lJiiii«o 
14, 
t5. 
t$. 
17. 
id * 
t% 
20, 
S i , 
22 # 
23. 
2%« 
25* 
Gyei<^«aniioi:b«aai» 
liydropiittaol 
mmol 
PjnK^ailol 
o«ir8iiiliiio 
iHiitroso*SMBai^tlioI 
8roiio»oro»o]L Bluo 
i*Ii9irlA3rl*2*o*o 
na^t l io i 
BroiM} f%Q«oi Boa 
^ ({MSityoi^ea^i) 
Aso loooroinoi 
Pftftt»oro«ol 
ontliraQtiiiioiio 
I%«£q l^ f luttrono 
ISoloorlooo 
Piak 
Bai^ lirosii 
i i i ^ t ^oiiov 
Tolloir 
l igtit jrollow 
Orango 
YOilowisii VMS 
To*it}V 
Coieuriooe 
nxk 
Wiiio rod 
Colouriooo 
Bork piale 
Bfirk liiooic 
t^iglit jroliow 
Brotoi 
L i ^ t jroiloir 
Onuogo 
Boric lirowB 
C^ rango 
E'i^t 3rolloir 
f iolot 
viao rod 
€liiOMit^ pfmi>iiy of 25 pboaolo voo porforaod iit oodiiaa aitmto 
ooiiationo (5*0 ae 10 N» 1.0 x 10 fl« O.IH, 0.5Kf l^ OK^  i«5M)t on 
otAimio Mlgilidoto popMfo* «lio roowlto oro ooHHwriood ia fobio 5^. 
for ooqporiooiiy plionolo «oro obroaoiofropiioA on mitroatod 
WwtiiOB llo,5 popevo, in tlio oboro oolirwii ayotoa* fho rooulto oro 
OMMorisoi i» T«%io 55* 
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m •ml«r to t t i i ^ tli« •tt9V% of pa <» th« aov«i«ttt of pli«iioU» 
tfao otiroMfttogittiibF iffto p«rfoiiBM« in a i t r io aold oolvoiitt of pa 0»i«2»? 
mad 5*8« Tiio rooaUo oro givon ia 1^ 1»io 36. 
TAiiiies OF fssiots <m mmsiG mhrm^m PAPEBS 
m SIfBIC ACID SOliOTKliS 
S*H4 
i * 
a* 
3* 
4l« 
5 . 
6 . 
7 . 
8* 
9 . 
to. 
u . 
is* 
13. 
i4« 
15. 
1«. 
ftionolo 
Salloyllo Aoid 
lljrdroQtilniaie 
S»^i6^ttlnltrc^flnoI 
f^rmeototiliol 
8«iiyian»Qr qulBallae 
Qolaol 
/Miltrooo oC<*»aa|)litliol. 
^a^phtliol 
Ci^^MlpiltllOl 
Booorolaoi 
OAtoobol; 
o«or««ol 
a»or«iol 
Pro&okosaaollioBO* 
iQ'^ Al'OlptlOBOl 
flumol 
fyrofo l lo l 
t.oxio % 
I ^ K 3 * 8 
0.S7 
0*61 
0*73 
0*77 
0.00 
0*6S 
0«3<l 
0*00 
0*42 
0»%7 
0.«8 
0»00 
0*00 
<m 
0*00 
0*87 
1 ' ' • • ' ' ' 
1.0«10* 
HKOj 
|^ tt«»3#0 
0»55 
©•75 
0*89 
0,85 
0«00 
0*8$ 
0*36 
0.00 
0*4^ 
0.72 
0.88 
0*00 
0*00 
• 
0*00 
0*85 
% 1.0KlO*%! 
B3I0. 
. pliiiS«0 
0.73 
0.79 
0»87 
0.91 
0.00 
0*78 
0*32 
0.00 
0.*3 
0.70 
0.72 
0.00 
0.00 
. . 
0.00 
0.37 
1 1 '""• 
0.1?l l.Olf 
o*m 
0.7* 
0*82 
0*77 
0.00 
0*70 
0«%1 
0.00 
0*60 
0*70 
0*80 
0*00 
0.00 
• 
0.00 
0.37T 
0*77 
0*83 
0*84 
0*86 
0*00 
0*30 
0.43 
0*00 
0.49 
0.40 
0*86 
0.00 
0.00 
• 
0«00 
0.37f 
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TABLE 36 (COtti«.) 
S«9« 
17. 
t s . 
19* 
SO* 
ss • 
ss* 
83* 
2%« 
25. 
1 » 
11l«IIOi9 i 
P 
o*Viaaillla« 
l»iiltroso 2*iia|ititiioI 
Brono-oresol Bltie 
BrcMKktliyiiol R«a 
IM^rvsol 
1,2, (J^  ^ ^tetrsitjr^QiS^ 
AsttlXftQUlllCll* 
Ritiiyl f Inorfnui 
T • f M I i n g 
iB*3«# 
0»77 
©•68 
«» 
O»03 
#•87 
0«OO 
0*8i 
0,00 
0,<K> 
i.oxio''' 
M O . 
0*71 
0»&5 
0*70 
0*00 
0«73 
0*00 
©•67 
0*02 
0.00 
1^0. 
0,70 
0»52 
0,77 
0 , 0 0 
0,78 
0*00 
0.43 
0,00 
0,00 
"1 
M 0 , i » 
mo* 
0.S5 
0,89 
0*72 
0,00 
0,8<U' 
0,08 
0,07 
Om05 
n.oo 
1 
i*0H 
|n$Ei0,0 
0,80 
O.llO 
0*50 
0,00 
0*81 
0,05 
0*00 
0,02 
0,00 
Oil tht iMi»l» «t t!i« lttff«riiio« la S^ , VAlnet In •iirloitt solvwAt 
•rtt«Mi» wmmy po««lbl« l^portaat ••paiwtloii* irtrt t i l^A, fii« Mpan^* 
t loM aoliltwd Avt ll«t«d 1« Tttbl« 37. 
1 ^ 3 
VMIUS 37 
8iMB4fIlilS ACSXEfH) dt StAHHIC NOUEBSAfB mfflAS 
»y-""""' •«••»•;•••>; iiiifuwj_iniii.iiiiii_ii I < • n Mini. iiiiwi. in mil •. | i i 
S*lf« 
t«9ftfmtt«n 
of frfm (itp) 
80lV«Bt 
5.0iilO*'« 
!t«HO, 
8* c^;HUipltiiiol <0,«7) 
4 . o^^iaptitboi (0»4f) 
5« pHaitrottO(pC*»«1^^^o^ (0*%o} Gmtmdtml (0«82) 
6* jMiitroao oC?-Qii^tlioi (0*43) l^rirof&Uiil <0»S5) 
8« J9*fiitim90 oC*^P^^^^ (0*42) 
9* jft"«iitresoo(^«'iift|p^tliol (0»%8) 
£tollogrIi« AOtd (0«83) 
]!«Mr«iiiol (0*00) 
I t* 4»(iMiit]n>fli«iigrl) uio 
ll««or«lBol (0*00) 
napiittlol (0*00) 
i 3 * i»p3rrl«3rl-i'^i«* 
nnflltliiil (0*00) 
aaylitlioi (0«00> 
MliitlWl (0,00) 
i>annMHit««itoI (0«69) 
SmUnrU9 mUt (0.75) 
fyvoffttltti (0«90} 
ff 
m 
TABI4S 37 (OMita*} 
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«»s< 
S«]Mmitien 
« * ( % ) («r> 
SftlTcnt 
i7# PyxtMiAtei^ol Co«92> 
1!>* IViraNBateotiol (O^ssy 
21* i?3npooatoeliol (0»50) 
&0« ^M-tis^ n^ iEy iuinoltfte (0*00) 
S3* 8«Q^ ar«%3Qr ^ i s o l t o * (0»CXi) 
2%* S^-^drosy ^jttinoUiae (0*00) 
29 • 8*ilrdar«»jQr 4|uliioilii« (o.oo) 
S^* S-QydreMjr q[aiiioItii« (0»(K)) 
27* nt« i^ l fltiorona (0*00) 
28. oC-napbtiiol <o*%5) 
29* Qt^nftpiitliol (0*%7) 
50* PC-n<ipbil>9l (0*50) 
31* q(f«aa^«ii0l (0*57) 
32* 4<»(pHnitro|ii««3r2) aw* 
R«««r«iBo3. (0*08) 
33* V(po«&iro|piitnQrl) ma» 
it*««nii»«I (0*00) 
3%* i-ii9rri4grl»2-««o« 
aA{iiitli«l (0*00) 
35* 8-^rivitisr «iiiiiolla« (0*00) 
3£« iyve««t««bol (O.SO) 
F!i«i^l tit2onni« (0*00) 
i«iiitro60>^-«iai}tit&ol (0*62) 
o*^irftaol. (0*00) 
S*%dircix^ qalnoliae (0*00) 
0(j«'ita|^t&oI (0*30) 
ll«SK»yoiii0X (0*6^) 
^Hditroso c^nAptittiol (0*33) 
BroiBoihj^ iaoI H«d (0*70) 
SaU«yUo fteld (0*75) 
Cat«^a l (0*75) 
fittsoroinol (0*72) 
nvomothyfmX UtA (0*67) 
Sal ieyl ie tmi& (0*88) 
]t««or0£aiol (0*82) 
^«ma|»htii<»l (o*(K» 
^•i i i tx^«o-0(^^|i i i t l iol (0,33) 
l««itroto«2«iiaphtlidi (0*%7) 
Qnrefftliol (o«%7) 
^•iii«ri»to*0(*iiftpiitiioX (0*40) 
i^Oado***!! 
HaKO 3 
TABLE 37 ( C o n M . ) 
1 'j 1 
S^mamtion 
of {\) trvm {U^) 
Solvent 
37« i>it«ii:fi fiuor^o (0*00) 
38, c^-oaitstlKii (0«%7) 
39* c</-ii®!>liifeol (0.45) 
^ * l-pirridy2»s*A«i>«» 
luilibttiol (0«00) 
41* it295^8yt#trati^r<!it>ai^ 
42* ^^loa (o.oti) 
k3* rfefiEQoi (0*00) 
4%* F3rroeftt«filif>I (0*47) 
%3* {^ooatiKrtioI (0*53) 
%«• E««orei i io l (0*95) 
%7* l*iorie A«id (0*79) 
0(^«t»l|&tii0l (0«%0) 
^ttfoiiol (0*97) 
i^rGoeteciioI (0*7^) 
o(^mm&^%imX (0*42) 
o^*iiaplit2ioI (0*50) 
l^orie aoiS C0«5S) 
<7C*sttpbt^ o^ (0*50) 
d-liydroaqr ^utnolLiiie (0*00) 
Bronotl^ rMOl 8«d (0*15) 
BroBOtl^nioi B«4 (0*40) 
oQ'ViAlB^tt^X (0*36) 
O.IH HANO. 
0*5^ HtsiHC^ 
i*5H liaNO. 
%8* jlll<-iiit]»MO«'(p(/»iia|^t]ioI (0*38) C*t«oliol (0*73) 
49* OfttMdldl (0*$8) i*iii«V9«o»2*»aplitliol (0*36) 
50* i»ftttr»ii<».»2HMisilitliel (0*£S) a i t s r l tluorott* (0*00) 
5t« iH»iire«o.9*fiAplktlM>l (0*St) PhMol (0*00) 
98* iHBttrfi9€H2««iaphtlioJl (0*87) P i « n e a«i<I (0*73) 
33« P**iii«ra«o»o(«iia^tli9l (0*48) Pi«rie aeia (0*83) 
34* iHanjrl fltioy<o«« (0*00) 
99* l«priRl4r^*2«*M mpHttel 
(0*00) 
96* i«p9rr!tir]t»8««a« nftlbiiMil ^t*»M«*oC«MisiiMMl (0*38) 
pC<««piitlii»l (0*50) * 
Ciit«ib«l ( 0 * ^ ) 
o^«Miplitk»2 (0*47) «• 
Oftt««lMl (0*t7) 
i*o«io"^ 
MalfO. 
(0*00) (0»«») 
14S 
fjmm 37 (coiita.) 
MJSU- Mf 
8«|^tti«iiflii 
Selrmkt 
of froM (n^) 
57« %»(p-4iitroiii^3^i) ato 
§»• fli^isrl fltiQdrcaaio (O f^iO) 
39* Wisnyl f1liior<m» (0»oo) 
^ * fli«ii3r3^  fluoiroii® <0«00) 
^t* EtKiioI (0*00) 
60* Fli«a93l (0*00) 
- 2 , 
^-fiitros<i-oC«*it0^t!iol (0*3S) t«&Bt0 "^ H 
o(;i^ xia0lkttiol (0*30) • 
Oatfe«ibi»i <0»77) 
o(i!^imiilillio:i (0#37> •* 
aitMiiitliyaoI 800 (0*40) « 
FjrroefttMiiol (0#7%) • 
t«iiityoiii»»@«4ift|^)tl»t>l (0*28) (O.OG) 1,5H NaH€L 
Co#oo) 
1)6 • Hk^oy'l ::iuo]r<»ict (0*tK)) 
#7* flkinoX (0*00) 
• PtexU Mid Co»^) 
i*ii&troto-2«»im|litlio]. (0,30) 
<• Fi«iii& ftfttH (0*80) 
- Fterio Mil« (d«72) 
i*3nre<Mit0«iioI (0*92) » 
l«aiitre«4>>^«»iiiip&ilM»l (0*33) 
oC*»a^tlM»i (0«.%2) • 
i««ltf«(i9»e«>i»ib|^lli^l (C«&6) 
« 
<9* %*(iMiitro|li«iQr^) *•« Pierle aoiA (0«75) «* t*5H NaliOi. 
B«««r«tMl (0.00) ^^i iroM-^iMi ibt lMl (0,48) ^ 
70« Vbmt^i fluoroa* 
* ^«i^tv•••»0C•iMl9lltalfti CO«39> * |M^tlWMN»0C«iMI9lltaifti (0 ) 
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llk*-#t«al*»- -fyow fii»lt»-g3Mlfc<wt. tJMtl •tMintc iioly1>iit» ji^Aim 
eaa be tisad •tMMi«t«fuX,]y for tli« A«t»««te» 9t fliwieis* 9lin« ^«r« id 
no ii««4l to liM A ••paittt* tf«t«etiii@ r«ag«iit for «lurwatogiiipbie «tfidie«« 
ft;e»« pa^^rii ar« tolootiv* t<niRf4« etxtal.ii phenols la oi«ple 9%n«on» 
wyvtmrn* Varimis impQrtent ffi^mtlotto (ttiblo $?> b^r* ^eeo iidikiov^ 
on ^««o pay@r8 ia noari^^ Italf on bo«r tmt^§ for oBwiiple a irtvy olaan 
•oparatlos of o^^naapli^ol froai jB»aai^t%oI ia aQiii«¥eS oatag 0«OIM n9S0» 
aa ttio ooMle pliaaa* Many tamaiy anS ^nataxiiiKy aapuratioaa liava alao 
baan aabiavad on ^aaa j^^ara. On oon^ariaont tbm raatiHa on j^laia 
papara (fable 35) i t ttaa ba<^ foaaa ttmt on plain smpara no Hafiaita 
a|»ot «aa obtainaA ana t a i l i a i ana tiTm^rmta nearly in a i l oaaaat n&ila 
on ataanio noly^^data papera aonpaet apota vara obtatoafl* 
Xn dilnta aolntiona of aotfittn aitrata tba u^ Yalnaa of |ib«nola 
inoraaaaa ali^htly i r i ^ tha aK>laoniar wai^t of tba aitfa abain aubati* 
tnoiit groitpa attaobatf to iKiinol* fbia ia r^raatntaA in Fignra 28» 
M^ valua ia wtf am^ 4apfwi«it on nmtfbar of •en groapa praaant in tba 
pb«ttola a«g»« a plot of u^ vala^i atninat nnibar of mm groopa (Pigiara S9) 
alMv tbat iL, inoraaaaa aa tba nanAiar of ^m gronpa inaraaaaay i*a*t 
Ally par •OR grot^ ia 0*80 ia t«o s iO**!! Kanot^ t 
ia o«8$ in 0,009M xaMO^ t 
ia o»58 in 0»1N ifaiio-* 
fba bahwrioar of 0* ana «p aalbatitataA pbanola ia naarly tba aaaw abila 
tbat far »- ia «nita Aiffwant aa ia ala«r fron t i fsra 90* In aaaa of 
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A 0.1M NITRIC ACID 
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- ( N 0 2 ) 3 
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FIG. 2 8 PLOT OF Rp AGAINST MOLECULAR WEIGHT 
OF SIDE CHAIN SUBSTITUENTS 
4 -^ « 
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0 . 2 
• 5.0X10"^ M SODIUM NITRATE 
O I.OXIO'^M SODIUMNITRATE 
• 1.5M SODIUM NITRATE 
O 0.1 M SODIUMNITRATE 
I 2 3 
NUMBER OF - OH GROUPS 
FIG.29 PLOTOFRF AGAINST NUMBEROF-OHGROUPS 
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O l.OM NITRICACID 
A 1.0X10"^MNITRIC ACID 
O O.IMNITRfC ACID 
• 1.0X10~3M NITRICACID 
ORIENTATION OF -OH GROUPS 
FIG. 3 0 PLOT OF Rp AGAINST ORIENTATION 
O F - O H GROUPS 
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FIG.3I PLOT OF Rp AGAINST lONIZATfON CONSTANT 
15^' 
ovth« pliiBftle U^ v»ltt« A«or9«s«« «• ^ i s itt»rM»«4. At pa » 8 ^t l i 
fMtm ftad ortlio HAT* got ntarly tlM» •• • • ]i|. wiliiMi* 
«at«<^ol tlie Bg, iralti#9 In 0«$lt KaHO. ar* %omwt thm ^9ir n^ wmln— 
M 0«tH m& t^m NflUCk %mi^ it«ewi stMiat^t nanatial* Itt firat t«e 
«aae« !•«*» for iMiUQjrUo ftoid i»i4 |»iorie «eid» tiiia na^ l>o duo to 
tlbelr iiiistiar aelftio et^imetey i^tlo for oat«<^ol tiia ilifforaaoo mts^ lie 
6a& to aortaiti otitor l^tof* Bia plota of 8|, tal^aa agalnat tl^ 
toolssatioii oonetanta {UA} of ooiaa iffii«(iola (fig^St) ^Hamr tliat »a 1^ 1^  
iimissatton oonatanl iaoreaaoSf tito U^ val^o 4«or»a««s« f%t« i» itoo 
to tlio foot th&t on inoraaaing iOBiaati?iii« tlie phoaol io m>ra atrongly 
ttikmn up t^ tbe asoH i^gar atonnio isoljrbAftta and basoa tlio Hj^ vftloa 
aeoreaaao» 
s 6 r £ fi E N c r: s 
8. E«0» Sftrtwfi E* Sftv^dl maA S»F* NBl%«r» AnAl^j^wp.* 2& ^^^ (t96%)* 
5. B, ar©li««wi&3r, M^*eiif<^ftai^^Ci>«af .^ fig, 88t5 Ct<^) . 
10* »• Qi£r«^tiy E. Ktinar and 1^ * sba«ita» AmiI*caiwB# Clo pr««8)* 
i i » », Qurti^i una J«P« Estfttt, s^ar»S0if 7^^), £97 U97S)* 
t 2 . M* Qey«iAit Ana J.P* Baiwst, Obwia»t.>*nftlygt# ^ , »9 <A967). 

l o 6 
mjscfsnommmktoawimm SEPAMTZCN OF %S netAI> xcms OK PAPEHS 
Kl«€itro>^urottatogi«pii3r i s a iis«fii!l tool for ihe iaentitieatloii 
«kl ••pai^tlim of Bilxtiirtfi of Inorsiaaie tmis and etorgod eosploxttf, 
17iiBiorot»i tfopafatiORff of iBOXinafo ion* stnAledi ^ «l«otro«fiipnitic»i tm 
plain papors Itai^ l^ oon r«vi«irod Ir ftattior and titffo (i)« faftora 
iiE^rosiiatatf vitb taox^anio ion a^K i^ai^ ers lunra alao 1»ecii aaaa for 
etaetroplioiraaia <af3t4)« fitCBaltia ttmgatata papers liaYe liaeii ussd for 
ths qnaatitatii^ eoparatioa of s«i@iittSiaB ana palladimi froB aiuwrotis 
vmtml tons tor alaetroiiborsBts ia timsa lalioraif^as (5)* fSio 
otiroiHitograpliie Hahaviour of sHstal io»s o» titaiiiia9i»ars«iat« papara 
iiaa alao boon diisoiiasafi (€)• tlia ^aaibiHty of eaieaiating valonof 
of tlia aatioB fms a plot of B^ agaiaat «*log t^* tiaa basn axplerad* 
CSuraaatoirapiiio stoaias on ataaaio aR>l3n»«ata papara (7) lias ravaalod 
tliat tlia rasalts sft tliasa papara ara r^roAiioibla* solaotlva aad giira 
alaaa aapar«tie«a« A aaarab of tlia litaratura shows tliat mo alaatro* 
aiwaHftt^ prapiiia work IMia %as» raportaa «« ata»tle aoljrlidata papara. 
fksrafori tha prsssnt work was sndartakaii to a^feva fttffiaolt sapara-
tiona ana to atn^r aystaMattaallar ^ a tkaoratiaal lioh i^rionr of var&ous 
aatiana in tlia Inaraaaing aonatntratiflva of aottiaai aitrata aatf aitria 
aoi«« aliara tka poaslMUtjr af aaai^ lsB fomatiott fa laaat. 
10/ 
B X F E & X M E N T A t 
Appayatqst Banging wtrip type apparatus froai 8liaii4!o»» ttd*t l4>ndont 
vas used ae the eleotroebroniatograpiilo oham^r* 
argentg and Ctieatcaiet Stannic chloride pentah^drato and aoditas 
iBoiybdate vera Poland produota. Other reagenta and aboiaioala were of 
reagent grade* 
Preparation of Im^^eaechange paiierai Xon exchange papers vera prepared 
as reported in Chapter - VI (7)f h7 loading the ion exchanger on 
Ifhatnan Ho.3 paper strips of sine 56 OBI X 5*5 em, 
fast aoiotionst Solntions (0*i!!) of chloridesi nitrates or salivates 
of »ost of the oatitais were prepared in 0*iH aointions of the correspond-
ing aoida* BisMith ehloride solution was prepared in 3*7^ hydrodilorio 
acid* ^ e ifl solutions of niohiias and tantaltns ptoitaohloride were 
prepared in tO% tartaric acid solution* Salenous aoid was dissolved 
in water and aade allcaline with i*OM potassiaa hydroxide* Sodiun 
iBolyt>date» sodina tungstate» potassim ehloride» caesiuiB chloride 
and ruhidiuai chloride solntionst all 0«iMt were prepared in water* 
Cerio sulphate (0*iM) was prepared in 3.fin sulphuric acid. 
Deteetorst Pb**» *«*• Bg^*f Bi'*t C*^* *»* Cu^* aones were detected 
with dilute yellow awmaiun sulphide solution* Fe^^y V^^, 6C^^, Ti^^ 
were deteetCil with aqueous potassiua ferroeyaaide solution* To detect 
}lg the paper was dippsd first in alei^olic quinalisarin solution and 
thMi washed with 2*0M sodiua hydroxide* Aqueous potassiua ferrioyaaide 
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•olution ira« «««a to a«t«ot f^ * » A ±% aleolioIi« diplieiiyl oarlmsidie 
a«l«tloii wat «.!!« to datwt Ir>% Cr5% *te«* ma En^* spot. a«! 
0.1f« alooliolto Alisaria Bed S aolotioti for y'^t Er**, Tli^ t^ Co**, La^*, 
Hb5\ Ta5% Ca2% Hf**, tfP% B«?\ Eu^*, no^*, Lu^^ g^J 0^^% Tb^*, 
Pr^*, T»'* and In^* spoto* A trash aoiution of aoditna oobaltinitrito 
wa© uaoa to detect K*f Kb* and Co*. For deteotlnc Al^* and Oa^* tlie 
stripe were dipped is aqueous altninon eolutioa and th&a titer were 
washed with aqueous auraonifm aeetate aoiution* A fresh aqueous sodiusi 
rhodisoaate soiution in neutral mediuiii was used to detect Ba" tm& 
Sr , OtiM stannotts chloride in 4 •OH h^ rdrodtiloric aeid to detect Se^^t 
and Mo and i^ alohoiie diisethyigljrosiffio solution to detect M 
and Co # 
Bacti«round eiectroiyte solutionst Blev'en aqueous background electro* 
lyte solutions were used in this studyt i«0 x iO M» i*0 ai 10*%!^ 
5»0 X 10"*%, 1»0 X 10*%» 3»0 X iO~%, O.IM, i*0M|2.0H sodiuB nitrate 
and itO X 10**M, 1,0 X iO"%f i»0 x iO*"^ M nitric acid. 
Procedure I fhe electrophoresis apparatus was filled to the mrlc with 
background electroIjrte and stannic Molj^ti^te ion exchange stripst idiich 
fomed the stabilisation ttedius were pieced in position and allowed to 
beooae saturated with the electroljrte* Then a strealt (0*02 al) of 
the test solution containing approx* 2 x 10 ^ noles of the ion was 
applied separately on each strip in the sdddle with the help of thin 
glass capillaries* fhe tine of aigration and the potential applied 
is specified in eai^ case. ¥he aigratioa of swies of ions towards 
anode or cathode was asasured froa the point of application upto the 
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mi6Al9 of the sone* On tite basis of tho rtsults of tixploratorF 
•aip«rtaoiit8 and dittanoe of eiootrioal aiigraticm of the eonea of 
Individtiai ionai ayntliatle fBtxturea of partiotaar ions ware appllad 
a» in the oaae of indiyidml iona for sofiaratioii* 
16J 
a 8 s 0 i. f s 
file r«9ttlt« of %h» wmrtmmt of i<m» i» •Qditm tiitsvit* 
mUttom ( i .o X 1 0 * ^ 1»0 « lo"^!!, 5*0 x lO^^Wt 1.0 x iO*®M, 
^•0 X iO*%y 0*iH» i*OHt 2»QM) on pm^VB t^v^imt^A iritti otaiiiito 
m>iyiiaAt« n^pl^ing e^ppmivifttft p9ti»!tt&ai for 4 Hotxro oro •manftrisoa 
in fttblo 3d* 
fho aoviiii^tif of tlioso ioaie epooioo <»i tlie mmm papers to 
a i t r io ooid n^Btmm (pfl « i*9i 3«0» 3«9) eoro glT^n ls> foible ?9* On 
t^o basis of atffor^oo In tsl^otioiMs of ttmm icra&c epmtmtf irairioss 
Is^ortfiiit sofiayottofui trero trioa« Hio ««^orti^iiaIIy ftObiorod 
laportoiit oeparotiono avo Il«toa la ftttilo 40» fbo SKyr^ tteot i^ tmm 
toiffti^e tho o&ode ona oatttodo am ohowii feijr a {loattive <•> sign aad a 
nogativo <«) aion rospeotivoly, t^ i io ioao i^i<m do not ^ow aagr 
HortMaitt nar&ed as 0*0* 
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t«o 
1.0 
0.0 
i«% 
©•5 
1.3 
1«€ 
o.o 
1»7 
1*2 
0.9 
0.5 
a,o 
3*S 
2.2 
2.0 
0.6 
0.< 
G»* 
m* 
K* 
Ag 
< 
€m^* 
sr^* 
Ctt^* 
« ! « • 
Mtf* 
^ 2 * 
r#2* 
w«* 
O0«* 
» ! » • 
1%** 
Al5* 
If'* 
rt'* 
• i*% 
• 1.0 
« • l . l n 
0.0 
0.0 
• 3»5 
0.0 
» 2 .0 
«* 2.5 
•• 0.5 
• 2.3 
- 1.2 
- 1.5 
0.0 
- 3.5 
- 3.0 
- 2.5 
• 3.2 
• %.0 
* 1.0 
1.0 X lO**^ 
flH0^*(pH«1.9) 
• 0.5 
0 . 0 
• 0 .2 
0 . 0 
• 0.6 
0 . 0 
0.0 
^ 0.2 
• 0 .2 
• 0.5 
« 0 .2 
0 . 0 
• 0 .7 
0.0 
0 .0 
- 1.0 
- 1 .* 
- 0.5 
0 .0 
• 0.% 
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9ABUS 39 (C0llt4«) 
ItO X 10"*M 1.0 « lO'^M 1 .0 X 10"^H 
Ions ««,M o HNQj^CpHw .^S) BN0j''(pH«i2,8) HNOj'CpSul.?) 
• 2«8 •» 1 .7 - 0 . 8 
Ett^* • 3 . 0 - 1 .2 • 0 . 5 
B P * - 0 .5 0 . 0 • 0 . 6 
HO^* - 3 . 0 - 1.0 - 0 .8 
hv?* ^ 2 . 7 • 0 . 9 0 . 0 
B^* - 2 . 6 • i . l * 0 . 5 
* • 2 , 0 • 0 .8 - 1 .3 
Gir* - 2 .1 «• 0 . 5 "S' 0 . 7 
Tt?^ • 2 .0 0 . 0 - 1 .7 
As '* - 0 .5 • 0*S • 0 .5 
l&^* - 2 . 7 - 1 .0 • 0 . 6 
Pr'* • 1.8 0 .0 - 1.5 
'Sa?* ^ 2 . 4 - 1 .8 - 1.5 
I n ' * - 2 . 0 - 1.% 0 . 0 
Cr'* - 1.5 - ^•S - 1 .2 
S«'* - 0 . 6 - 0 . 8 0 .0 
Ce** 0 . 0 0 . 0 0 .0 
Ttk^* - 0 . 6 0 . 0 0 . 0 
Hf** 0 .0 0 . 0 0 . 0 
ar** 0 . 0 0 . 0 0 .0 
V** - 1 .8 - 0 . 7 • 0 .5 
II) (j 
TABLn 39 (ContA.) 
I MMHntDK .^'f iHMHIllllWll * 
i.O X 10**M 1.0 a iO"'M 1«0 X lO'^ M 
Xons HN05**(pH«3.5) HNOj*(pH«2,8) ffiJO^^^CpItol.^) 
• 0.5 0 ,0 
•> 0.5 0.0 
• i.% 1.0 
0.0 • 0*5 
0.0 4 1*0 
•* 1.7 ** *.5 
0.0 0 .0 
Ta5* 
Hb^* 
Mb«* 
Dy3* 
I t t 4 ^ ^ 
• 1*0 
- 1*0 
• 2*5 
0*0 
- 1.0 
• 0,2 
0*0 
o SOOT appUdd potential i h lir. 
l b ' 7 
fmm 40 
t»o X 10*Sl 
HaHO. 
^•0 x 10* 
HlOfO. 
1«0 X 40"^H 
150 
150 
150 
80 
5 
6 
Mt»***l 
ito^* 
f l9 1 
t^«?*, 
itt^*) 
Bl^< 
Bi3J*l 
Bl^*i 
fH^^i 
¥^* I 
««• 1 
rn^^i 
A«* i 
Ct* i 
0 i * * 
A g * i 
«fg*< 
» • • * ( 
AB^*{ 
t*S*5) 
C*a#*) 
fc*2#0) 
>0«5) 
[*0«5) 
(•0#5) 
[•0*5) 
[•0»«) 
( 0*0) 
) 0«0> 
i 0 .0) 
[•i-^cO) 
[ o«o) 
(*3*9) 
I ^ O ^ T I / 
( 0*0) 
(•3*7) 
[•««0) 
1 0«0} 
• Wl^*(-3,0 
• fter ('•3»5 
• i3r^(**#o 
• r«^*M.o 
m Ca^*C*2»0 
~ tf0|*{-.S,8 
- C0 (-2*8 
- *** <-3»5 
• Kb* (-6»t 
• l«li**C 0*0 
- Sr**(-3«« 
a^* (•^•J) 
163 2 
tABiM 40 {CentA*} 
Si^ttrattMM iMtiiitltly «eliioiP«a 
Hli3tO« 
80 
8*011 
5.0 « t o * * * 
SttNO. 
^m 
200 
800 
fl,**( 0»0 
^ At^^Ca.o) -
« * • ( 0.0 
tll**( 0.0) -
«!**< 0*0 
Jig* ( 0#0 
) - Bt^* 1 
) • Hi^* < 
) -» noS* 1 
) • V^* 1 
) -^  «^* 1 
) • 00?* i 
} -» Bo^* < 
)*Br^* 1 
) - ai^* 1 
) • Sa?^ { 
f «* Ky*^ *! 
) • Od^* ( 
) * fl»®* < 
1 •• !3i 1 
) •• On ' 
) - nt?* { 
) • 8r '* 1 
5 • Bi^* i 
) - ir**H 
[•t.9> 
l-3»0) 
"^•t*S) 
t*8»9) 
[•3»3) 
|«0«9) 
[•5»©) 
[•7»8) 
(•0.9) 
|«0*8) 
.•0«8/ 
>0#0) 
[ 0«0) 
-0*5) 
rO#5) 
!«»1*0) 
(•3.5) 
[w8*0) 
[*8,3) 
i-0«5) 
[•0«9) 
UO) 
- lii'*(«8,7) 
• I«'*(-8.8) 
- Ot**(*i.5> 
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TABUS «0 ( C « B M . ) 
" iiji m II mm\ 
Bt^mfaMmut mstvmlty ii^i«¥«i 
5.0 X 1 0 - % 
Hl^O. 
1»0 X 10**H 
m «5 
4 ,0 » 10"®M 
HNO, 
200 
2C0 
800 
e 
6 
tn^^i 
C0«*< 
^i®*! 
W *^l 
Bo^^ i^ 
f!l**l 
«r**( 
tli**< 
n**< 
H***< 
m^*i 
« * * ( 
B«^*l 
m^*i 
n^*{ 
iiy'*^^ 
m < 
( • • W K W / 
!*»%«o) 
C-%»i) 
(••fll^vj 
,*%«8) 
[ o»o) 
[ o»o) 
! 0*0) 
!*•%•% J 
1 ©•O) 
,*»4i#S/ 
!•! #0) 
!*^»5) 
[•3«?> 
[•0«») 
:-a»t) 
•*i»5) 
; o»o) 
5* 
- Si?* 
* Er A* 
• f i 4i# 
(•2»t 
< 0*0 
(•2»0 
(•6«5 
( 0#0 
(-4*5 
- C.»*( 0,0 
* od'*(*o*? 
- I4I^*(0.0) 
<M'*C-6t5) 
I3!3r*(-3.5) 
I^*(-2»0> 
e«'*(*o.7) 
a«'*(*o*t) 
\1K^ 
0 Z 0 C C r S S Z O H 
^«a6 pai»«r» oaa !»« utdA for wasmvmm tiAoAiy and temaorF ffciMiiiitioiis, 
wiiag siiQile tfoditm ttitmte and s i t r io tt«id oolutiims as tHe i»&otigrc»imd 
el«etrolyt«9 (1*ii1il0 %0K fli« ••paratian^ are oli^tn and rapid* 
Haarly oXX ^ff «a«tmia oara towaitfa aasatiirolir i^ targ«d 
alaatrode (Talitaa JB h 50) Beaatiae there ia no eoi^liaE ion fofaatioii 
in aodivHs nitrate aisd ni tr ic aeld i^r«t«i»« fika iiov«»i»it of Bi(n]:>t 
H(irt)» ^ ( V I ) end Aat in ) tonarda anode indieataa t ^ t tliOF are present 
aa anitmio epeeiee* Wmtmmt of Hg^ tonarda anode is dae to the 
foraiation of fittmsbtf a no^tively atiargad apeeiee !%g(ilo^|^ in 
diiuta 8 C eotte<!»tration8» £s irtrong ntC oona^strationa iMiretirona 
aHengea to isereitrio emd tiie ne^tivelir aHaiied apeoiea l{g(NO«)|^  
ie fomsad (S)« 
me plot of mmmmt of aetai ion agaiaat ^ aboaa (rig»32) ^ a t 
tlM Mwesent of ion inareaaea witli pH* fbia ia tieaaiise ataania «oX3ri>data 
ia a veak axalianier and aa i>E inareaaea i ta diaeoeiation aleo inareaaea, 
tiiaa giiriag a bigger aeliiUtsr of tbe aati^ma* 
*2.0r-
-2.0 
-4.0L 
Cs 
X . I i I 
+2.0^. c o 2 * r Mg2 + r A|3-^ 
Ni2 + 
-4 .0L 
Zn2 + 
\ 
\ 
r Fc3 
J I L 
r Sm3 + 
J I L 
\ 
\ 
+ 2.0r- Lu3* 
- 4 . 0 
- 2 . 0 -
Dy 3 + 
J I L 
B i 3 * 
J I L 
La3-» 
I \ I L 
\ 
J L 
i.9 2.8 3 5 1.9 2.8 35 PH 1.9 2.8 3-5 1.9 2.8 3.5 
rn.ni-A 
1V2 
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O O 
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00 
in 
en 
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C B A P f E E - T i l l 
BI^CTBOCHnOHATOOHAPBIC S£PABATXO» OF AHINO ACIDS 
m mommic tm mm/^m vAmm 
The iaeatifioation aod separation of antno aoids emit&ixuHi in 
edbrttir«& preaents ocflssideratile interest in severcil fields nadb. as s 
in tbe eentroi of ^rug purity in bioiogioal soicnoesf in toiloologsr^ 
^ar&iaeologyf forensio^ tsedioine etc* For this reason i t was decided 
to approiticti tliis eal»;}eot in oonnootion witH a oia^tire of oompouo^ 
representing different types of aaino acids. I^rlier studies (i) en 
papers i^regnated vitti stannic arsenate were applied for separation of 
aoiino acids t>y paper ehrovatograpliy. Effect of pB and Boleoular weight 
of side chain on R|^  values were discussed* Xn the present work aaiino 
acids were separated hy paper electrophoresis* The effect of non* 
aqueous solTsnt ana dielectric constant on the agNrrwaent of amino acids 
in electric field are discussed. 
17 5 
E X P E n i M B N T A L 
ApiKigataai Itm oxetiaiigo papers wore prepared by loading etomiic 
arsenate on lAiataaii Ko«3 t i U e r pi^ e^r strips else %6 x ^ esii using 
Stiandoa eleotro{^oresis Yertioal tan^« A Sargent osoillosieter type (V) 
was used for dieleotrio constant aeastireomts. 
Reagents ana caieiaiealst Stannic cHloride pentahydrate (Poland) and 
sodium arsfoiatet Eiedei (Oeraany) vere tssed* The folloving aiaino 
acids used were synttiesised in these laboratoriess 
i* p«wU!iino»^*(o*l}ensene caTboaEyliic) alanine* 
2* |9»<p*l>iaiettiyiaiBittOj^enyi) alanine. 
3« |S»(B*Aainoi^enyl) alanine* 
%• /EU(l--NaiAtliyli) alanine* 
5* jlU'Pipercmyl alanine* 
<>• 5"iS^-Diaetliyl isoleueine. 
7* F-(o«A«inopli«iyl) norvaline* 
8« C^lc^eacyl glycine. 
file ethsr fwino acids studied veres o(f'«>Alanine» ^<-alaninet 
I^«:qrlaleaiine» glyeinst oyolopentyl glyoinct N*piienylglyoinei 
leucine, asparagine, aspartio aoid» gluta»ie aoidf eitrull ine, 
•etliionittey lysine, bistidlne, tyrosine, serine, tryplophan, proline, 
cystine and iraline, a l l of analar grade* 
1 V { 
A:II otii«r r«A<«iit8 and oli«Bdloal.9 v«re of analar grade and were 
obtainad tor mm (England) or E* Marck (caraatadt). 
i*raparfttion of lon-aarohango paparai tOiatMan Ho*3MM papar at ripe of 
raqairad siso ware dipp^ in 0*iH atannio ehiorida aoiution for 
3*3 saoondat ranoving ttie ^Eoeaa reagent tiy piaoing the atrlpa ofer a 
f i l t er p^per aHoet and allowing to dry for 15 lainntes at roos 
temperature* 1!b& atripa vero then dipped in 0*25H eodiua araenate 
solution for i5 sooonda* The exeaaa aoiution was drained off and 
strips were plaoed over a f i l t e r ahaet* fhese strips were dried at 
room te«|>eratura and then wi^ Esed with doKlneralised imter tiirae tieics 
to reiBovc tho exooss reagcsats* Finally^ iUctese were Chried at rooei 
tcstperatnre and used for eleotroohrosatograt&y. 
Amino aoid eolutionst Stook solutions of ataino aoids (0*2^) were s»de 
in aqueous propanol (iO^ • / • ) ! a cdlniiaua qiuantity of aoetie aoid waa 
added in the ease of <^olohGSigrlglyoine» 
OataeticMtt reagwati A 2^ 80luti<m of ninl^rin in i-hutanol saturated 
with water was uaad for locating the apota of anino aoida <m paper. 
Solwwttt systawa used for alaotroehroaatographie dawelopaentt The 
following aolvants ware uaed aa haoliground alaotrolytes for 
alaetrophoraaiat 
i* Aaatio aoid • Paraia aoid • lAitar (15 • iO • 950)» 
Applied potential • 500V, Tine - % hra, (pB 2«o)* 
2. Ponde said • PrapiSAio aaid • Ifstar (iO • 15 '>> 950)» 
Applied potsBtial • 550V, Tiaa • « lira, (pR 2,7) . 
1V7 
3. roi«io acid • ir«t«r (850 • 750), 
Applied pot«iitiiil • 100?f TiBte 4 hrt. 
4« Foriiie «oid • 1tet«r (33? • 666) t 
Applied potentiftl • iOOVf Tise • ^ tirs* 
5* Fondo aoid • vaier (500 •i' 500) 
Applied potential « iOOV^  Tiiae « ^ bra. 
6* IPbtliQlata l^ttftar (i^ 4*0)9 
Applied potential <• SSOV, Time » 4.30 hrst 
7* Pboaj^Qto tartarate bttffer (pQ i»7)t 
Applied potential • 350'^ » fine « 4 bra, 
8« Fbospbato tairtarate buffer (pn 4*0) t 
Applied potential « 300\r* Time » 5 bra, 
9« Pboai^ate tartarate tiuffer (pE 6«5)t 
Applied potential o 250y, Time « 5 hre, 
i0« Fbosptiate tartarate buffer (pB 6*0), 
Applied potential » 2Q0V, Tiiao «> 5 tira« 
i i * rboaphate tartarate buffer (i^ 3«5)t 
Applied potential • 200V, Tine • 5 bra* 
i 2 . Fboaphate tartarate buffer (pTi 5«4)» 
Applied potential •• iOOV, Tiiae • 5 bri« 
13. pyridine • Water (250 • 750), 
Applied potential • 300V, Ti»e • 5 hr9^ 
tk. Aoetio aeid • Vater (250 • 750), 
Applied potential • 300V, Tine » 5 bra« 
15* Etbanol • Vater (250 • 750), 
Applied potential « 300V, Tise « 5 bra. 
ii'S 
Proctflmrtt The «l«6troplioresi» apparftttts w«» filled to the nark witb 
iMiotcgiroiiiid «leotrolyte and ataimio araenata loaded ion oxchango atrlps, 
vhioti foraed tiia stabilisation nadiuis yiere plaoad in position and 
allowed to Dooorae aaturated vitli tlie elootrolyte ooneomod. ^an a 
atroQii; of tiio tost solution (0«a2Bil) was applied ai^aratelr on oa<3li 
atrip in tlie atiddle vith tbo holp of tbin glass oapillarios* Tlia tixae 
of Giigmtios and tbo potential applied i s apeoified in eac^ easa« file 
SKigrotion aonos of aisino aoids towards anode or oathode was Boasorad 
from the point of appliootion npto the sdiddlo of the aone* Oci the 
hasia of the results of oxplaratory aiqperi«mts and diet^soo of 
eleotrioal siigraticm of the sonea of individual aiamoaoids* synthetic 
lalxtaros of partioular aiaino acids ware applied as in tho eaao of 
individual asdlno aoid for separation* 
17 9 
B B S U L T S 
fliG noiromeiit of estlno eeide in eieotrio Sioia at appropriat« 
potential voa stiiiUod. fhe dtetanoe of tbo oootre of tbe detectoA 
«pot fztisi itie starting lino ima talran aa a laoaatiro of aoTaisent. Ttie 
iBovoscnt of cjsBlno nei&s tcmarda ano^a and oatbotSo ia represcntad hy 
poaitivo and negativo el^^ respeotiveli^. 
'Sha roaulta of a a t o ^ of 28 aoino aoias in 1? solvent syataiaa 
arc suQBtarized in Table ht* On tlia feetia of tlia diffaronoa of norosisnt 
of aiBino aoida in different aolvisnt ssrstOKs mirioua aoparaticoia were 
tried* Ntxraerotza Mnaiy ai^ tomar$r aeparationa were aoliieired pmotioally 
are l isted in fable kZ* 
Cffaot of fonaie aoid aa non-^ iQiieone aolTent on ttie m>veia0nt 
of amino aoids naa obeerved» the reatilta are plotted in Figure 53, 
^ 6 reenlte of dieleotrie ecnetant aa a fnnotion of Boveaent 
of anino aoid in eleotrio field are presented in Figaro 54. 
:s 
3 
- S i 
s 
I 
I 
A 
« 
V? 
u\ 
l»% 
<» 
• 
1 
o 
* 
1 
• 
»4 
1 
o 
1 
*4 
01 
1 
o 
• 
t 
• 
o 
*4 
• 
• 
1 
« 
• 
• 
1 
CO 
* 
1 
in 
• 
o 1
• 
© 
• 
«4 
1 
• 
o 
1 
• 
1 
• 
1 
1^ 
« 
p 1 
• 
© 
1 
O 
• 
o 
• 
1 
© 
• 
t 
4* 
«4 
1 
• 
1 
© 
• 
14 
1 
• 
© 
t 
o 
if\ 
• 
1 
o 
t 
01 
1 
• 
1 
© 
» 
1 
01 
01 
1 
* 
1 
• 
9* 
1 
• 
•vl 
1 
« 
« 
• 
04 
1 
• 
1 
© 
• 
• 
0 1 
t 
• 
1 
« 
1 
• 
OJ 
1 
CO 
• 
i 
o 
• 
© 
CD 
© 
© 
• 
© . 
© 
• 
© 
• 4 
• 
1 
o 
• 
1 
© 
• 
© 
o 
• 
1 
• 
© 
• 
© 
1 
» 
1 
• 
© 
t 
CD 
• 
1 
0 * 
• 
o t 
• 
© 
1 
• 
»0 
1 
00 
• 
01 
1 
4* 
• 
1 
* 
vt 
t 
• O 
1 
o 
* 
© 
i n 
« 
© 
1 
i 
1 
t 
i 
1 
• 
o 
© 
• 
«4 
1 
*0 
• 
© 
1 
• 
0} 
1 
© 
• 
© 
© 
o 
© 
• 
© 
© 
o 
© 
• 
o 
© 
• 
<f4 
o 
• © 
4* 
• © 
4* 
• CI 
© 
• C4 
0> 
• 
v« 
03 
« © 
OS 
• H 
in 
• 
o 
•rl 
* V\ 
<x> 
• O 
I i 
• • • • 
a 5 5 5 
I if ^ 8 
El 
I 
*8« 1(4 B o "^"S 
• • • • • • * 
v4 «• m 4F in VD r* 
» • « • 
iO OS O '«HI 
o 
IB 
I 
01 
i> (J 
^ 
S 
00 
*o 
ii> 
(Tk 
a 
s I 
i 
a> 
• 
t ^ 
ift 
• 
«4 
01 
• i H 
o 
• 
-H 
O 
• 
a 
o 
« CJ 
01 
• Oi 
r» 
• 
V4 
0^ 
• 
v4 
W\ 
* 
i»4 
«% 
• CI 
• 
O O O 40 C4l 
• • • • • 
C4 O 01 v4 F^ 
I I I I 
• 
1 
01 
• 
CI 
1 
* 
«4 
1 
• 
1 
• 
O 
1 
o 
• 
1 
4* 
* 
1 
« 
I N 
• 
O 
1 
* 
o 
1 
«4 
• 
1 
* 
1 
• 
CI 
1 
01 
1 
• 
1 
o 
• 
o 
• 
o 
« • 
• 
t 
• 
O 
1 
o 
• 
o 
'Pi 
• 
t 
• 
I 
1 
« 
«4 
1 
o 
• 
1 
• 
1 
O 
• 
t 
• 
V* 
t 
• 
1 
• 
1 
O 
• 
C4 
t 
* 
i 
• 
03 
1 
0V 
• 
1 
» 
* 4 
1 
* 
© 
• 
1 
» 
01 
t 
© 
• 
01 
i 
• 
o 
i 
• 
44 
1 
O 
• 
t 
• 
*4 
1 
-If 
• 
1 
• 
1 
• 
1 
• 
o 
1 
* 
t 
• 
1 
• 
<r4 
f 
i n 
• 
•4 
1 
o 
• 
0* 
1 
t 
01 
• 
01 
1 
• 
© 
1 
o 
• 
01 
1 
o 
• 
0 1 
1 
0 1 
• 
0 1 
• 
CO 
• 
0 1 
• 
• 
01 
1 
o 
O 
o 
• 
CN 
• 
o 1 
« 
o 
1 
o 
• 
o 
• 
o 
1 
*4 
1 
* 
» 
• 
t 
o 
• 
1 
« 
o 
1 
• 
I 
O 
• 
o 
o 
• 
o 
o 
• 
o 
o 
• 
1 
• 
ot 
i 
o 
• 
o 
• 
o 
1 
o 
• 
o 
O 0 0 0 U i O © * © 0 
O O v 4 0 0 « 4 C J < r ( 0 
CO O 10 O O O »% 
• • • • * • • 
O O O O <H O O I I 
o o ^ o 
* • • • 
t 
o 
I • t 
© o 
o o 
• • 
I 
• 
© o © « \ © o o « 5 
o o © o o o o o 
I 
I 
s 
R 
t 
i 113 i 5 
1 6 S e § 
S2 
t 
I 
tf\ 
«4 
Ci 
O 
c* 
I 
3 
9 K 
• 
W4 
•9 
O 
« 
o 
I 
t 
I 
S I 
-5 * • 
t * I 
I I t 
I 
I 
m 
t 
1*% W 
« • 
CI Cl 
I • 
I I 
« * 
v4 a 
l^ CD 
* « 
V4 v4 
I 
» 
t 
• 
I 
t I 
» • 
C4 
I 
« 
» 
i 
^ 
« 
t i l l 
O 
• 
* o 
* 
t 
o o 
o 
v\ 
Cl 
0\ 
01 
I 
o 
I 
o 
« 
I 
I 1 
s I I i l I , B i 
e S 2 8 5 |8 I I « fj 
4* 
t I I 
• 
J9 
1 
• 
0} 
f 
• 
1 
m 
m 
m t 
o 
• 
• 
i 
• 
t 
O 
• 
C3 1 
ITS 
• 
05 
1 
O 
• 
• 
1 
C3 
* 
e3 1 
• 
ci 
1 
* 
1 
©J 
• 
tA 
®. 
$ t 
8 
1 
lo 
1 
s 
1 
<i^  
1 
<i 
1 
f 4 
^ g 
» 
PI 
A 
• # • • 
Ci rk 4* ir\ 
• • IH <Hr <i«4 
183 
VS o 
• 
o 
* 
v\ o 
• » 
I f 
US 
* 
^ ¥\ O 
• • • 
iH v4 CI 
I I t 
o « • 
I I 
<» 
* K^ 
*< 
• 1 ^ 
v< 
• 
^ 
* 
• 
v\ 
r» 
« 01 
v& 
• 
* 
4> 
• If^ 
m 
* ¥\ 
OS 
• 4> 
ei 
• PV 
tf\ 
• 
*^ 
IfV 
* l«% 
1^  
m 
i 
¥\ 
m 
m 
© 
• 
f 
* 
o 
* 
vi 
1 
• 
O 
© 
• 
C3 
1 
* 
* 
1 
» 
o 
t 
• 
CI 
» 
• 
«4 
• 
t 
CO 
• 
t 
o 
© 
• 
CI 
t 
• 
o 
» 
CI 
• 
• 
CI 
t 
• 
CI 
CI 
t 
• 
CI 
I I 
t 
*t 
Ov 
i 
CI 
1 
© 
01 
o 
It 
1 
• 
1 ^ 
1 
• 
© 
* 
1 
Cl 
* 
t 
© 
• 
© 
o 
• 
f 
CJ 
f 
• 
CI 
o 
* 
t 
• 
1 
© 
* 
o 
in 
• 
1 
« 
t 
• 
01 
1 
00 
• 
01 
1 
<0 
* 
• 
1 
1 ^ 
• 
CI 
1 
• 
* 
1 
* 
1 
© 
« 
l4 
CD 
• 
w4 
1 
o 
» 
«4 
t 
o 
• 
• 
f 
c« 
• 
1 
• 
© 
« 
t 
• 
1 
© 
• 
ft 
s 
s 
9 
s 
0 
3 
« 
s 
i i 
a 
«4 • ^ 
H I? 4* !S 8 
i 
M » r o c o e h © f 4 e « r k « t f \ < u » i N > « » 
184 
fABlM 42 
EXI>BRXM!3iTALLY AOBZEVED 8EPAB/Lf XON$ W AlfXHO AOXDS (SI STM^XC hmfMAm 
PAPEB8 BY ELECfROCBBOHATOGaAHnf 
S.K, 
Of 
Seiiaziatloii 
' 1 
Wrom 
T 
Solvent 
used 
i« A8|M&i^ agine (•ItO) 
3* Asp{»>agiiie <^t»0) 
3« Asparaglne (•0«9) 
4* Asparagiue (••>1«0} 
5» Asparagino (•1»0) 
6* A»paragine (•i«0) 
7. LeueliiA (O.O) 
8* CitrtiXline {o*0) 
9« iyro»ln« (-1.5) 
10* Tfyptoptmn (•0«7} 
11 . Hl«iidlii« (-2.0) 
12. c itruUli i« (-^.S) 
13. M«thloBiii« (-0*8) 
14« VallB* ( .1,0) 
15* 0(f•Alanine (-1,0) 
16. Tyroftina (-0.5) 
17. fyroalna (-0.5) 
18. Cltrulllna (-0.6) 
Plnaiy »eparatlon> 
lysine ( -0 .9) 
Glycine (-0.8) 
r * (o-A«lnophe»3rl) 
Korrallne (-1,0) 
e i s t ld lne (-2.8) 
Serine (-1.5) 
fyroslne (-1*4) 
valine (•1»1) 
Bletldlne (-2.0) 
Valine (4-l«o) 
Tyrosine ( -1 ,6) 
Valine (4^1.0) 
lyelne (-2.4) 
|3-Alanlne (-3*0) 
p-Alanlne (-3*0) 
|9-Alanlne (-2*8) 
|i-AlaBlBe (-3*1) 
Lgrelne (*2.4) 
Proline (-2.3) 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
5 
3 
3 
3 
3 
4 
fABLE k2 (ContdO 
•is 5 
8,N. 
Of 
Separation 
Pros 
Solvent 
eystoB 
used 
±9* Tryptophan (•i«5) 
SO, BieiQrl alanine (0»0) 
2i« Valine (*i«0) 
Aapartio aeia (-l^S) 
25» Qsrstine (0#0) 
24* AspaiPii^ no (•0*6) 
25. Aeparcigino (•0.9) 
26• Asportio aoid (•O*^) 
o^-Alanine (-S.i) 
N^pbensrlglsroine (•S.S) 
o^»Ananine (-3#0) 
O^-AIanine (•2*9) 
Hietidine (*5«2) 
Prolino (•ltd) 
o(CAianine ( - i .9) 
5" - (o-AMlnoiiiicnyi) 
Horvaiine {'»3A) 
27. 
28* 
29. 
30* 
31 . 
32 . 
33 . 
3* . 
35. 
36. 
37. 
38. 
39. 
Ifyronine (••O.S) 
H.Pbffisyl glycine (^li.S) 
lysine (-^.S) 
Aepartie Aoifl (<-0«9) 
lyeine (-4,41) 
QlutiMio Aoid (H^1.6) 
Glntaaie Aeid ( • i . 9 ) 
GltttoMie Aeid ( • i .9 ) 
Aepartie Aeid (•O.S) 
Aepartie Aeid ( • i . o ) 
Qlutaiiie Aeid (-LO) 
Aepartie Aeid ( • i . 9 ) 
Aepartie Aeid (•S.O) 
5"» (o-Aodnopli^tiy 1) 
Nervaline (•3.3) 
Glyoine ( • i .d ) 
fryptoi^an (•2.0) 
lyeine (-^.O) 
Glutaade Aoid ( • l .S) 
Tryptofilian ( ' i . e ) 
)3>alanlne (•2.2) 
Kietidlne (•2.4) 
Proline (•2«6) 
^Alanine (•2,2) 
Aepartie Aoid (•2.0) 
Tryptoiiiian ( • i .S ) 
Citrull iae (•2*4) 
3 
5 
5 
5 
5 
6 
6 
6 
6 
7 
7 
8 
8 
8 
8 
8 
8 
9 
9 
9 
TABU; «e (contd.) 
1 8 ( ) 
S*K« 
Of 
sepamtioti 
FroBi 
systea 
used 
hOm Serine (0,0) 
1^# Aepartio Acifl (•^2•0) 
42, Aepartio Aoia (•S.O) 
^3* Aepartio Aoid (•2»i) 
^ # fyroeine (-i»6) 
^5i. o^Aloninc (-1*5) 
hS, Glyoine (-i#8) 
47. Aepartio aoid (•0»6) 
48* Cyetine (0«0) 
49* Aeparagioe (•O*^ ) 
50. Citrulline («i,5) 
5i* Aeparaglne (OtO) 
$2. Teliae (*0*6) 
fs^-AlAitine (oiv^) 
Histidine (-2.7) 
Phonylaieaino (0*0) 
Proline (^ScO) 
^•Alanine (•l.i) 
p»AlGnine (•i.O) 
f emary Separatione 
Valine (•itO) and 
Hienylalanine (0*0) 
Qlutanio aoid {•i*^) and 
lyeine (-3•J) 
Aeparagine (•O.S) and 
•aiine («i*5) 
Citrulline (-'i»0) and 
nietidine (-3.0) 
Aeparagine (•i»4) and 
lysine (•4.4) 
Aepartio aoid (^ a^ O) and 
lysine 0«i) 
Aepartio aoid (•i«9) and 
iiietidine (-a^ S) 
9 
9 
9 
9 
9 
9 
6 
6 
8 
9 
9 
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"DiQ papers ia|»resna^<^ ^itb stfloaniQ arsonato are pertioulariy 
useful for tlis separation of aisiiLo aol4s ana are extvmmly eolcotive 
and give fast and eiean seporatioiis ( i ) . 1%te results of tbe paper 
eleetroottroiaatogr&pliio stu^lies slion ttiat nuiserous analytioally and 
MoebeBtioally ie^ortont separations can be adEiieved using different 
solvent systoBS* A Sew exaiaples are alanine from serine» alanine 
froiB valine mid gltxtamie aoid from aspartio aoid (Ta!>le 43}. 
Sil^ fitiroin oosj^ aln® larce estotiat of alanine, sorino, valine 
and m0iiit^mtno» fSio s^i^rsation of al^nino froii serine mnA metttionine 
frea IWilanine vero adixieved. 
Separation of gluta^ s^io acid Srcm aspartie aoid was aobieved 
in phosphate tartarate Staffer (pi! 6.5) systen at &50V in 5 hoars* ^ e 
ia^ortanee of this s^iaration isl 
(a) glutauio aoid is higher hoaologne of aspartio aoidt 
(h) both gltttaaie and aspartie aeids are present in large oMoimts 
in hlood» 
so this separation esn he applied for the separation of these aaiao 
aeids in hlood* Sinilarl)' leueine is s higher hoaologne of valine 
and ean he separated using femie aeid • propiouio aoid • water as 
solvent* Alanine and valine shewiBg siailar ehesieal properties are 
easily separated in femie aoid • water srsten. 
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Oftter iiit«r«0tiQg point Attttfgeft fipora the otu0y of tii« 
ttOvai«iit of aadiio ftoida In •%««trie f i«Id i» tiiat tlio owveiBOiit of 
a l l anlno aoiat tmmMn tim oattiod* doeroaees aa tiia oonofntratioii 
of &oii««<|i2aois8 soiv'aiit In the tiaotegrotind aieotroli^e inoraaaeo (Fig«33), 
I t iraa o3.ao oHearvoS tbat tlia aoveiieitt of amino aoiSs In 
oleotrlo fioia i&oreaaea aa ttia diiei@otrio oonetasit of tisa l^ aofi^ rotiaa 
el.aotroi3^e iueraasas (Fi@,5%>« 
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Chromatographic Separation and Identification of Phenols on Paper Impregnated 
with Stannic Molybdate 
I P Rawat, S Q Mujtaba, and P S Thmd 
Dept of Chemistry, Aligarh Muslim University, U P , India 
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Clii omatogi aphische Ti ennung und Identifiziei wig von Phenolen 
auf Zinnmolyhdat-impi agmertem Papiei 
Trenn von Phenolen, Chromatographie, Papier, 
Sn-molybdat impragn 
Paper impregnated with stannic molybdate [1] as 
inorganic ion-exchanger has been used for a successful 
separation and identification of phenols Numerous 
binary, ternary and quaternary mixtures can be 
separated on such a paper Aqueous solutions of 
sodium nitrate and nitric acid were employed as 
solvents No detecting agent is required as the spots 
are coloured 
Pioceduie Chromatography is performed on Whatman 
No 3 paper strips of 14x3 cm using 20 x 5 cm jars The 
impregnation is performed as described earlier [1] One or 
two drops of the sample solution are spotted by means of thin 
glass capillaries The papei is conditioned for 15 mm and the 
solvent IS allowed to ascend for about 11 cm 
Detailed research revealed that best results will be 
achieved with a solvent containing 1 0 M sodium 
nitrate Optimum pH value is 6 0 Comparison with 
plain paper showed that no definite spot can be ob-
tained on the latter and tailing occurred in almost all 
cases 
In general, Rf values slightly increase with the 
moleculai weight of side chains and are distinctly 
dependent on the number of O H groups The behav-
iour of o- and/j-substituted phenols is nearly the same, 
while that of m-substituted compounds is different 
Spot colours and Revalues of a number of phenols 
may be seen from Table 1 
Table 1 Colour of spots and Revalues of phenols on stannic 
molybdate papers solvent 1 0 M sodium nitrate 
No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Phenols 
Salicylic acid 
Hydroqumone 
2,4,6-Trinitro-
phenol 
Pyrocatechol 
8-Hydroxy 
quinoline 
Qumol 
/?-Nitroso-
a-naphthol 
/3-Naphthol 
a-Naphthol 
Resorcmol 
Catechol 
o-Cresol 
w-Cresol 
Cyclohexanol-
hexahydrophenol 
Phenol 
Pyrogallol 
O-Vanilline 
l-Nitroso-
2-naphthol 
Bromo-cresol blue 
l-Pyridyl-2-azo-
naphthol 
Bromo-thymol red 
4-(p-N itrophenyl)-
azo-resorcinoi 
p-Cresol 
1,2,5,8-Tctia-
hydroxy-
anthiaquinone 
Phenylfluorone 
Colour of 
spot 
(immediately) 
Light yellow 
Colourless 
Pale yellow 
Buff colour 
Orange yellow 
Colourless 
Light brown 
Colourless 
Colourless 
Colourless 
Colour of 
spot after 
(15 min) 
Light yellow 
Grey 
Yellow 
Dark gray 
Yellow 
Grey 
Rf 
0 60 
0 00 
0 70 
0 65 
0 12 
0 37 
Reddish brown 0 33 
Buflf 
Grey 
Grey 
Light brownish Blackish green 
yellow 
Colourless 
Colourless 
Colourless 
Pink 
Dark brown 
Light yellow 
Yellow 
Light yellow 
Oiange 
Yellowish red 
Yellow 
Colourless 
Pink 
Wine red 
Colourless 
Colourless 
Colourless 
Dark pink 
Dark black 
Light yellow 
Brown 
Light yellow 
Oiange 
Dark brown 
Orange 
Light yellow 
Violet 
Wine red 
0 42 
0 45 
0 77 
0 80 
0 31 
0 00 
0 00 
0 00 
0 79 
0 66 
0 30 
0 35 
0 00 
015 
0 02 
0 74 
0 02 
0 00 
Refei ence 
1 Qureshi, M , Rawat, J P Separation Sci 7, 297 (1972) 
Dr J P Rawat, Dept of Chemistry, University of Aligarh, Aligarh, U P , India 
1364 J P Rwat fini P , TMsj 
increasiriK <irripr for mHhnnol, ethatiol, nnd t pr<t{3«iKil U-^ the 
"samp vnlue of ff.anrf it mhipher fnr N * fithnn for Af * 4 If i!* 
j!ij<o ftPfn that the diflfrpticp hptwpen thp Piifrgy IPVPIS for /V 
^ 4 nnd 6 in in incrpnsinf; order for mpthonol, cthanol, and 
i piopanol. 
C. Cavtty RadtuK and nii'lrrlrir Cnnatnnt. Thp cflvily rn-
diuft, r3. incrpases only slightly with n decreaao in dipolp ori-
cnt^ilion angle from (In lo fl,h. The calculated vahius of rj at 
room temperature are 2.2-2.4 k(N " i) and 2.ft-3.1 A (/V = 
6) for methanol: 2.5-2.6 A (N « 4) and S.I-X3 A (-V = 61 for 
cthanol; and 2.8-2.9 A (AT = 4) and 3.4-3.6 A (A/ « 6) for t-
propanol. 
The ralculated re.stiiti! show that the lime dependent di-
electric constant,«, remains nearly equal to the high-frequency 
dielectric constant,««, during dipole relaxation. These results 
ari.se from the fact that Tf i.s shorter than TJ'. This al.so implie,^  
that within the framework of the pre.sent model the orienta-
tional relaxation of molecular dipoles in the first solvation 
shell around a localized electron proceeds first and then the 
dielectric relaxation of the continuous medium beyond the 
first solvation shell follows to complete the electron solvation. 
D. Temperature Dependence nf Theoretical and Observed 
Electron Solvation Rates. Figure 7 shows plots of the calcu-
lated relaxation rate of dipole orientation, k = l/r,, vs. l/T, 
where T is absolute temperature, along with the observed 
solvation rate, k = 1/T,„I, for localized excess electrons in I-
propanol. Experimental points are taken from recent data of 
Chase and Hunt" and of Baxendale.'-^ These theoretical 
curves are in reasonable agreement with the experimeiftal data 
and well represent the temperature dependence of the electron 
solvation rate. 
Note that the temperature dependence of /; is non-Ar-
rhenius. In our theoretical calculation this temperature de-
pendence arises from the non-Arrheniu i behavior of the 
macroscopic viscosity. In liquids that are not hydrogen bonded 
the macroscopic viscosity does follow an Arrhenius temper-
«turp deppndpncp Th»<» w« m«v mafep »h',' interfitmc f>rj< 
diction t'wt rxpprimpn'fll eiectrvm tolvntion rat*"* U\ n!L'mt«'v 
ft'iKHild follow Arrh«niu« bph<»v«or. 
As already mentioned, the agrp '^mpnt bptwwn theory nnd 
experiment is not quite *n»i<f irtory for methanol ni.d ofhanoi 
In order to further improve the theoretical re.sultJt on PI«H tfon 
solvation rates, it wnuld Iw ncressnry for us to havi knrtwled^u 
of the microscopic viscisity and to take into account dipolo-
dipotc infernctions in the calculation 
Ach-uxrirdfimrnis Wr thank Profejwor.i. W '^ tunt .«id iV 
\V. .1. Chase for helpful discussions nnd communiratton of 
results. This research was partially »\ipported bv the IMS, 
Energy Research and Development Administration under 
Contract No. E(11-l)-2086. 
Supplementary Material Available: (Table III) diplcctnc 
relaxation times, rj' (J page). Ordering information is nv;iilal)!.» 
on any current masthead page. Also available from I.. Kevnn 
upon request. 
References and Notes 
( t ) J H Baxendalo end P Wardman. N»tur« tLondon). 230, ••••S (19?!). J 
Chem. Soc, Faraday Trans, t. 69, 584 (1973). 
(2) G Bock and J K. Thomas, J Phys Oiom.rt. 3856 (197?) 
(3j L. Gilles, J. E. AWrtch. andJ W HurH. Nature {Londm), Phy» $ci, J4 J, 
70(1973). 
(4) K. Fueki. D-F. Feng, and L. Kevan, J. Phys C^em . T«. 303 (19?<) 
(5) K Fuekl. 0-F Feng, and L. Kavgn, J Am Chem. Soc . 9S, 1398(1973) 
(6) M. Tachiya and A. Mozumdor, J. Chcrm Phys . 63, 1959 (1975) 
(7) H, Hase, F, 0. H Nso, and L Kevan, J Omm. Phyi . 92, 985 (IS'S) 
(8) R. Schiller. Ch«m. Phys L«li., S, 176 (1970) 
(9) A. Moiumder, J Chem Phys . 50, 3153 (1969) 
(10) R H ColeandD.W Davidson.,/ Chom Phys, 19, 1484(1951), 20, 1389 
(1952) 
(11) W. J. Chase and J W. Hunt. J Phys Ch«m. 78, 2835 (1975) 
(12) IM. V. Klassen, H. A Gillls, G, G Teather, and L Kevan. J Chem Phys . »2, 
2474(1975) 
(13) J. H. Baxendale, pflvala conurujntcation to J W Hunt, these d.ila lupe^cotto 
those ceporlBd In ref 1 due to a correcjion In the temperature eaJibra-
tion. 
A Kinet!'* Study of Ion Exchange in Tantalum Arsenate to Understand the Theoretical 
Aspects of Separations 
J. p. Rawal* artd Prdam Singh Thind 
D«partmt)nt ol Chomisfry, Atigarh UusUm IMiverslty, Aligarh (U.P), India (Recolved August g/, tS75, Pevisi^a MaiMjSCnpt Receimd 
Pobruary 10, 1976) 
The exchange of the rations Ag+. Mg-*, Ca*+, Sr^*, Ba^*, Y''*. and Th'* on tan( ilum ar.enati in the M* 
form was studifd. The slow step which determines the rate of exchange of these ions is diffusion through i ht» 
particle. 'Che diffusion coefficifnts, energies of activation, and entropies of activation were caiculated and 
were used to determine tho theoretical l)ehavior of ion-exchange separations. 
introduction 
Studies in the field of inorganic ion exchangers are in-
creasmg day by day due t<i their pelectivity and slability under 
certain conditions. Preparat ion and pro|)ertie8 of the iun ex-
changers of wrnonium phot.phote tyiM? have b«H»n establiftfted.* 
Analytical appiicatums in the field of sep iration *ci.-nce ha\i. 
been reviewed by Inczedy^am! VVolton.'* * To understand the 
thetjreticat aspects of ion exchanK*" separations il ii P* en- .,il 
t« studv the tht rmtxlynainics and kinetics of th.-= pro*** 5, Th>> 
kinetic studies on ion exchangers w«>re mainly '»'3ri>*l by 
n^jourr»leif>hySlaHamnw!,tfy. Vol SO, No. 13. W^0 
liH) Cxchangti in TantaMti Ar»«nata MU 
Narhod o"rf VV«v>d'" fiyRlpn.ulicfllly. Thpir stiidipn rpvp«l«»d 
that the exflid)i)>»' nraclions wrro of "icctind order, himotccular, 
and that the vnlucs fould he ralctilnt^d hy using concftifra 
tiniH itmlmd of activitiPR. Kinotics of ion pxrhangp in tho 
chrlafing resin nio-rhelpn-KKJhn"; hren'fliidied." These au 
thors studied the exohange of alkaline earth metal ions on the 
resin in the H'^  form. Nanrollas and I'aterson have descrihcd 
quantitative meastiremcnfs upon hydrouo Ihoria and zir-
conium phosphate using limited hath and infinite hath tech-
ni')UC».*TantJ*lum arpenate has recently heen synthesized and 
used as a chemically stahle exchanger.'" The exchanger 
showed repriduoihle behavior and has heen used for the 
separation of rare earths. In the present report the kinetic 
studies for the exchange of Ag"*^ , Mg^"*. Ca'^*, Sr-*, Ha'''*, Y''*, 
and Th** on tantalum arsenate ('F'aAs) are descrihed. The 
values of activation energies, effective diffusion coefficients, 
and entropios of activation are calculated. 
Exper imenta l Section 
Reapentn. Tantalum pcnloxide (BARC, India) and sodium 
arsenate (Riedel, Ciermany) were used. All other reagents used 
were of analar grade. 
Tantfllum pentttxide (22.10 g) was heated with 200 g of 
ammonium sulfat* in 200 ml of concentrated .sulfuric acid. The 
clear solution was diluted to 5tK) ml to obtain a .solution which 
was O.I M with respect to tantalum. Sodium arsenate (0.1 M) 
solution was prepared in 2 M hydrochloric acid. 
Synthesis of Tantalum Arscnatp. Sodium arsenate solution 
was added to tantalum penloxide solution slowly with con-
stant stirring in theTa:As ratio of 1:4. Sodium hydroxide so-
lution was then added dropwise until the pH was zero. The 
precipitate was allowed to settle for 24 h at room temperature, 
and was then washed several times hy decantation with water, 
filtered, and dried. The dried material broke down into small 
particles when immersed in water. The ext 'langer was then 
converted to the H* form by treatment wit) 2 M HNO3 for 
24 h. Finally it was washed several times witii demineralized 
water and dried in an incubator at 40 ± 1 "C. 
Kinetic Measurement.i Kales of exchange were measured 
hy the limited bath technique Tantalum arsenate was ground 
welt in order to give particlesof different mesh size (50-250). 
Solutions of cations (0.1 N) were taken in conical flasks with 
constant ionic strength (/u = 1.0). The solutions were then 
brought to the desired temperature. When the desired tem-
perature was reached a weighed amount of exchanger was 
added (0.2 g), and the flasks were thoroughly shaken. After 
appropriate intervals the contents of the flasks was filtered 
using Whatman No. 4 filter pa[)er. 'I"he experiments were 
conducted at .12, 40, .'•>0, and 55 °C with ± 1 °C variation. 
Anntylical Methndx. Cations Ba^*, Sr^^, Ca^+, and Mg''* 
were determined with KDTA using Krichrome black T as an 
indicator" while with yttrium and thorium xylenol orange'^ 
was used. Silver was determined spectrophotometricaiiy.'' ' 
Results and DiscuNsion 
As the limited bath technique was used, the equation de-
veloped by Boyd et ai.*^ and improved by iieichenberg'^ were 
Used. The extent of rpaction (F) is expressed as; 
F" 
the amount of exchange at time t 
the amount of exchange at infinite time 
0 M «o »o BO 100 no >«i) iti) '»n (oo fni /40 
t •-' 
Figure 1. Plot of Of vs lime tor Mg'* at didorent 1empera!ur«s usiog 
TaAs (r = 1 05 X 10" ' cm) 
The conditions of these experiments were set to study the 
particle diffusion mechanism onK. A', the rate-determining 
Step is diffusiim through the ion-exchanger particle, the fol-
lowing equation is valid: 
n ,". /~nn]l\ 
n'„,\ \ n- / 
F = 
The rate of exchange can be determined by three diffr-rent 
steps: (a) particle diffusion, (b) liquid film diffusion, and (c) 
mass action. 
where R = ir'-'Di/r'^, r = radius of the particle, /J, = effective 
diffusion coefficient of the two ions uiulergouig exchange 
within the exchanger. 
Values of Bt as 0 fum tion of F mav be calculalid as tabu-
lated by Reichenberg.'^The plot of/i/ vs. / at four different 
temperatures for Mg'***^  is presented in Figure 1, and similar 
plots were obtained for Ag*. Ca^\^r^*, na'\ Y '•. amITh'* , 
The B values are calculated from these plots and are given in 
Table I. Plots of Hi vs. t at different temperatures are straight 
lines passing through the origin. It indicates that the rate-
determining step is dilliision through the particle. The results 
of variation of particle size of ihe exchanger are presented in 
Figure 2 in terms of plots of Bt vs. I for Mg-'*. These plots 
indicate that for larger particle size the rate is slower and the 
diffusion through Ihe particle as the rale determining step 
is independent of particle size 
The linear relationship between loi; !) and 1/7' K (T'tgure 
.')) enables the energies of act iv.it ion (/•-'„) fortheself-diffusii'n 
of cations to be calculated from the Arrheiuus equatiim: 
O^Ooexpl-Z- .VWr) 
The activation energy of the cation selfdiflusion priK'Pss re-
Hects the ease with which (.'ations (-.in p.ws through the ex 
changer. Freeman and .Stamires'" observed an increise in A,'» 
with ion size for the divnl(<n( ions Mg' ' , ( 'a-*\ Sr-' ' .aiul Ba * 
This increase was explained in terms of an increa>*e iiistren,;lh 
of bonding to two crvifallographiiMlh st'paraled sit* ,s for the 
large, more polarizable cations .Simihir t \pe of results 'Ut 
observed in the present report (T.ible IB but the valot" ol /•,',, 
are lower lh;ui those reported by Freeman and Slamire.s. 
Calculation of/io and sulislitution into Ihe following e«pu.tton 
gives the ntropy (vi activaltoti (A.S"*): 
/>„ = '2 ri d^KT/h vxplSS»'!n 
Herei/ is the ioni' jumps<listancea .suened equal to.') X 10"* 
cm, K the Boltzmann constant, h Planck s constant, R th« gas 
1IM J.P.Ra««tifldl».8.tMra) 
tABLE l! a Valuet m « Function of Tempcraturt and Particle 8I» 
Metat ion 
Ag* 
Mg»* 
MR** 
Mga* 
Mg»+ 
Ca'* 
Sr2+ 
Ba2+ 
y.i+ 
Th*+ 
r," cm 
1.05 X 10-» 
1.05 X 10-2 
6.1 X 10--^ 
4.47 X 10 -» 
3.4 X 10-» 
1.05 X 10-" 
1.05 X 10-2 
1.05 X 10- ' 
1.05 X 10-2 
1.05 X 10-2. 
fl,«-'(32»C) 
1.88X10-2 
1.03 X 10-2 
1.07X10-2 
1.22 X 10-2 
1.44 X 10-2 
1.38 X 10-2 
1.66 X 10-2 
2.66 X 10-2 
9.5 X 10-3 
6.66 X 10-3 
B.»-'(40*C> 
1.93 X 10-2 
1.43 X 10-2 
r 
1.76 X 10-2 
2.21 X 10-= 
3.16X10-2 
1.16X10-2 
8.33 X 10-3 
fi,i-'(50*C) 
2.0 X 10-2 
1.66 X 10-2 
2.21 X 10-2 
2.60 X 10-2 
4.93 X 10-2 
1.33 X 10-2 
1.0 X 10-2 
B.»- ' (66»C) 
2.26 X 10-2 
2.0 X lO-» 
2.6 X 10-» 
3.16 X lQ-2 
6.06 X 10-2 
1.71 X 10-2 
1.21 X 10-2 
• r "• mean radius of the particle. 
«•* 
»•« 
» t « 
6««44«f«'* 
B< M i x 10* 
. 2 
Be t O I I I O ' 
10 40 (0 80 too 120 140 160 180 200 t20 
t See. 
PIgura 2. Plot of Sf vs. f for Mg^ "*^  using different p8>1|cle size of TaAs 
at 32 'C: (O) r = 3.4 X 10^ 3 c^. («) ^ = 4 47 x 10 3 cm; (A) r = 6.1 
X 10-3 cm; (A) r = 1.05 X lO"* cm. 
-*-4 
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Waura 3. Plot of log 0 vs. 1/ r. 
constant, and T is taken as 273 "C, Do and AS* values are 
given in Table II, 
In order to determine the rate of exchange at different 
temperatures, the values of F at various time intervals may 
be plotted. The results for Mg2+ are given in Figure 4. It is 
clear from this figure that as the temperature increases from 
32 to 65 "C, the rate of ion exchange inrreases. This is due to 
the fact that with increasing temperature the mobility of the 
ion increa&es. Figure 4 also indicates that initially the uptake 
of Mg^ '*' it rapid. The uptake decreases with increasing time. 
rh»Joum^ofPhy»lcalChml$tfy. Vol. 80, No it, itr$ 
TABLE II: Self-Diffusion Parameters in Tantalum 
Arsenate 
Migrating E,, kcal/ 
ion Do, cm'/s mol AS*, cal deg-* mol"' 
Ag* 
Mg2+ 
Ca2+ 
Sr2+ 
Ba2+ 
y3+ 
Th<+ 
2.09 X 10-' 
MIX 10-' 
1.55 X 10-' 
1.86 X 10-' 
2.72 X 10-' 
1.06 X 10-' 
7.49 X 10-' 
2.5 
4.9 
5.5 
5.7 
7.8 
5.3 
4.8 
-24.010 
-25.290 
-24.605 
-24.282 
-23.4B0 
-25..366 
-26.047 
vo 
0 8 
0-« 
»•* 
0 ! 
/''oV"'^ 
fX *i^ 
., . 1 • J , , J , * , —J> • A . ^ „ . , L 
y^^j^ 
' 
1 1 — t ^ 
0 10 (0 60 80 no no i«(i t(,o t«o 100 
t 5.. . - , 
t^ Hlur* 4. Bate of exchange of K^ g'"*^  at different temperatures on TaAs. 
Similar behavior is shown by the other cations u«icd. These 
results are analogous with that of Heither-VVirguin and 
Markovits* but do not agree with those found for Ca^* and 
Mg^* by Turse and Rieman." The results of A.S'* show neg-
ative values (Table II). This is analogous to the behavior of 
divalent ions Mg^ "^ , Ca2+,^ Sr2 ,^ and Ba** migrating through 
Y zeolites.'" 
Energies of activation show an increase in magnitude with 
decreasing hydrated ionic size for alkaline earth metal ions 
(Table II). This is analogous to the behavior of monovalent 
cations migrating through anak-ite.*'*This behavior indicate 
the feasibility of separating ions by exploiting difference in 
the rate of exchange toward tantalum arsenate. 
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SHORT COMMUNICATION 
XII/ELECTROCHROMATOGRAPHIC SEPARATION 
OF METAL IONS ON PAPERS IMPREGNATED 
WITH STANNIC MOLYBDATE 
JAGDISH P. RAWAT and PRITAM SINGH 
Chemical Laboratories, Aligarh Muslim University, Aligarh, U.P., India 
Electrochromatography is a useful tool for the identification and separation of 
mixtures of inorganic ions and charged complexes. Numerous separations of 
inorganic ions studied by electro-migration on plain papers have been reviewed by 
Bailey and Yafle ('). Papers impregnated with inorganic ion exchangers have also 
been used for electrophoresis C^ "*). Titanium tungstate papers have been used for 
the quantitative separation of magnesium and palladium from numerous metal ions 
by electrophoresis in these laboratories (0. The chromatographic behaviour of 
metal ions on titanium arsenate papers has been discussed in an earlier paper ("). 
Our chromatographic studies on stannic molybdate papers (') have revealed that 
the results from these papers are reproducible, selective and give clean separations. 
A search of the literature show^ that no electrochromatographic work has been 
reported on stannic molybdate papers. Therefore the present work was undertaken 
to achieve difficult separations and to study systematically the behaviour of various 
cations with, increasing concentrations of sodium nitrate and nitric acid, where 
there is less possibility of complex formation. 
EXPERIMENTAL 
APPARATUS 
Hanging-strip type appartus from « Shandon » was used as the electrochromato-
graphic chamber. 
0 R. A. Bailey, L. Yaffe, Chromatogr. Rev., 3, 158 (1961). 
O M. Qureshi, A. H. Israili, Analyt. Chim. Acta, 41, 523 (1968). 
(') G. Alberti, A. Conte, G. Grassini, M. Lederer, / . ElectrOanalyt. Chem., 4, 301 
(1962). 
(*) Ying-Bo-Hai, Acta Chim. Sinica, 31, 263 (1965). 
0 M. Qureshi, K. G. Varshney, F. Khan, Separation Sci., 6, 559 (1971). 
C) M. Qureshi, J. P. Rawat, V. Sharma, Talanta, 20,267 (1973). 
0 M. Qureshi, J. P. Rawat, Separation Sci. 7, 297 (1972), 
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REAGENTS AND CHEMICALS 
Stannic chloride pentahydrate and sodium molybdate were commercial products. 
Other reagents and chemicals were of reagent grade. 
PREPARATION OF ION-EXCHANGE PAPERS 
Ion-exchange papers were- prepared, as reported earlier ('), by loading the ion-
exchanger on «Whatman* n. 3 paper strips of size 36 X 3.5 cm. 
TEST SOLUTIONS AND DETECTION REAGENTS 
These were prepared and used as described earlier ('). The test solutions were 
generally 0.1 M in the metal nitrate or chloride. Conventional spbt-te.st reagents were 
used for detection purposes (°). 
BACKGROUND ELECTROLYTE SOLUTIONS 
Eleven aqueous background electrolyte solutions were used in this study: 1.0 x 10' 
M, 1.0 X 10'' M, 5.0 X 10= M, 1.0 X 10' M, 5.0 X lO'^  M, 0.1 M, 1.0 M. 2.0 M so-
dium nitrate and 1.0 X 10' M, 1.0 X 10' M, 1.0 X 10' M nitric. 
PROCEDURE 
The electrophoresis apparatus was filled to the mark with background electrolyte. 
Stannic molybdate ion-exchange strips, which formed the stabilisation medium were 
placed in position and allowed to become saturated with the electrolyte. A sample 
(0.02 ml) of the test solution containing approximately 2 X 10° moles of the ion was 
applied in the middle of each strip with the help of a thin glass capillary. 
The migration of zones of ions towards anode or cathode was measured from 
the point of application up to the middle of the zone. On the basis of the results of 
exploratory experiments and the distance of electrical migration of zones of individual 
ions, synthetic mixtures of particular ions were applied, as in the case of individual ions 
for separation. 
RESULTS AND DISCUSSION 
The results of the electrochromatographic movement of ions in sodium nitrate 
(1.0 X 10-" M, 1.0 X 10-= M, 5.0 X 10"^  M, 1.0 x 10"^  M, 5.0 x lO"'^  M. 0.1 M. 1.0 
M, 2.0 M) and nitric acid (pH = 1.9, 2.8, 3.5) solutions on papers impregnated with 
stannic molybdate on applying an appropriate potential are very useful for the 
separation of various mixtures of metal ions. On the basis of differences in migra-
tions of these ionic species, various important separations were tried. The potential 
applied varied from 80 to 200 V and time ranged from 5 to 6 h. The movement of 
ions towards the anode and cathode are shown by a positive {+) sign and a nega-
tive (—) sign, respectively, while ions which do not show any movement are marked 
0.0. The position of an ion is given in parentheses in cm. 
Some important separations in various background electrolytes are listed below: 
— In 1.0 X 10* M sodiura nitrate solution, the separation of Sm=+ ( — 0.5) from 
Tm"- (-3.5), and Eu' '+'(-0.5) from Dy^+ (-4.0) were achieved. 
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— In 1.0 X 10"' M sodium nitrate system, Bi^ + ( + 0.5) can be separated from Fe^+ 
(-1.0) orfrom Cu^+(-2.0) orfrom UO|+ (-1.8) easily. The separation of 
Th''+ (0.0) from Ho'+ (-2.1) is also practicable. 
— Using 1.0 X 10"^  M sodium nitrate as background electrolyte, the ternary sepa-
ration of Hg^+ (+1.5), Ag+ (0.0), V^+ (-3.5) was achieved. The separation 
of Tb'+ (—2.2) from Tm^+ (—4.0) was also carried out in this system. 
— In 0.1 M sodium nitrate, a large number of binary separations were achieved. 
Of these, the most important are: Cs+ ( -3 .9) from Rb+ (-6.8), Ba^+ ( -2 .0) 
from Sr^ <- (-3.2), Co^+ (-2.6) from Ni^^ (-3.8), Mo"'- (+2.8) from W"< 
(+0.8). 
—• 1.0 M sodium nitrate solution is very useful for the separation of rare earths. 
Dy^+ (-7.1) from Er^+ (+0.9), Tm^+ (-8.3) from Sm'+ (+0.8), Tm'+ ( -8 .9) 
from Er^+ (+0.8) were separated. The ternary separation of Tm'+ ( — 8.2) 
— Gd'+ (0.0) — Eu^+ (+0.7) is also practicable. 
— The separation of Ti*+ (—5.5) from V*+ (—2.0) is also important. This separa-
tion was performed in 5.0 X 10'^  M sodium nitrate solution. Ternary separa-
tions of Th*+ (0.0), Tm^+ (-0 .5) . Lu'+ (-2.2) and Ag+ (0.0), Bi='+ (+0.9). 
Cd (-1.5) are also possible in this system. 
— In 5.0 X 10'^  M sodium nitrate, important separations were: In'*-'- ( — 0.8) from 
Al'+ (-5.5), Ti*+ (-4.4) from Zr^+ (0.0), Hf^ + (0.0) from Ti*+ (-4.5) , 
Th''+ (0.0) from Tm^+ (-2.0) and from Gd'+ (-6.5) , Zr*+ (0.0) from Dy'+ 
(-3.3) and from Gd^ *"^  ( -6 .5) , and Th*+ (0.0) from Dy3+ (-2 .0) and from 
Pr=*+ (-6.2) . 
— 1.0 X 10"^  M nitric acid was used for the following two ternary separations: 
Dy=+ ( - 1.5). Lu^+ (0.0), Gd'+ ( + 0.7) and Th^^ (0.0). Y'^ + (-1.5) . Gd^+ (+0.8). 
Nearly all the cations move towards the negatively charged electrode. The 
movement of Bi"", W^', Mo^' and As" ' towards the anode indicates that they are 
present as anionic species. Movement of Hg|+ towards the anode is due to the 
formation of a negatively charged species Hg2(N03)^-. in dilute NO^ solutions. 
In concentrated NOj- solutions Hg|+, is oxidized to Hg^+ and a negatively charged 
species. [HgCNOs)!]^", is formed ('). 
The movement of metal ions in nitric acid systems indicates that the movement 
of ions increases with pH. This is because stannic molybdate is a weak exchanger 
and as the pH increases its dissociation also increases, and the ions have a higher 
mobility. 
(") J. T. Bullock, D. G. Tuck, / . Cbcm. Soc, 1877 (19rt5). 
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